


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1984 


An economic model for the replacement and 
management of Navy vehicles 


Silas, Brian R.; Walker, Dale M. W. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/19281 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
i (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

| | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


— 












































































pe a th Dh DL i ae Maret tied be bel | ee 
ac, Py Pe eae hr Tei | Ao) pair ra TN Pte aA 
Ms tet ee I Sera A nA he aE Nee Pts rn ne a arcane SAG LY Lt) OE Sal 
Fy “ibe tat ery A grata. t ed ety eee Ve UL % » Ld - b oe wat Of ye re 
ae er a! ame We hd oe Tyme RA “a Ned been m3 ‘y Rey nae ee a gy ok 20) re e Re erin Ree ee CTP an pao: 
wee are er b Jes ge 3 ; ‘% Peta | mach Ye Sica ha pete b erent Ate Wh @ Oey Pees De Pay it 
Sk cts a fa tp a0 TaN iter 1 Ae ah ae ae aa! NEN an EM SOC i Oh PA NM ht, Ge ped SRA ee! RNS TL a 
ot ! i , $ NY Oe . ® mS A i. Nee ; i) Be Aad 5 ot i & Py \ $ <7 “a Ten ne ae wk SOLENT oh " Lier GS sae ry by cy Lappe Pea 
aa! oe ae r ve A a, Bee Oe ae arete ETAL wh ay EK a a TOE Ra Retry i ert oat nee ok pe rer er) 5 ory?) va wo Pope “as 
’ ye PK oe Dk een a Sa ye Ue Neer a Sear wi Rare Fae Re AR roy oe oe A SS 
i 3 i= Te te “aarhel uf Liat ae a3 bide ee ed et & wigs pees Lee a * rer i oe tn) of a 
AL! Ta) A te eM en a i Dee > an Atari ae a RIE LS Ld We dep f Ree a he 9 ae bee 
r valk : RS Pe Ba ie a edad Os SCY Voy ot x Line H es AGE TY a oe a ye 
n rh ae ' a Peer ‘ 4 - i rs A Reto ie i aa el aan a: es PerES Py SCTE metas ary i epee H ace och — rte 4 an rg ace aa Per ay 
' q a r a ae 7 Fi P * Aaa i Nt Maret" hy By Nhl hb we Cy a% ig’ at] A . ; a c = a oh 5 ra Cay Pe sc rrr nba a Pad it be ec 
a Fei ee ae AM Tb RENATO rt CAAA, eS ew aN ae 4 Ue rr Arlen tea ne ie A rarer ES 
rag ‘ ital Or sl pat Ar ye! Ron CR STE ORE IS MEET re BE ine axe bh iy ey mi “mck arenas erty tah Soa ontersh mae 
2 ee a 1 OR ery UPR ee ey Pee. Vie sap Pa Oar a Ups ae sa ate n Le hewn te te be 3 vue ete te RDG Rea A ke rpey ae te 
oot tvs geese Po Tye OC i Se werk FLOR VED 89 LEONE AS ade peat ete pre ies ATO Y i, COL ih ase Pont roo Woes 
7 a ra ery 22 th ae Se Oe a Ye ar el A A pes. LAK CE Ee = lage CRE re Mo TEL C Me Saneatine meet ae rary “~ ponte rte e bey 
Lh hee P mm ran ee m i + .# ‘ Done a7F 4 halts” en's Aeaan A eta Male oT ane hy ee ert ene dt eH Pi awa 7a, bes hracain a bh i teilor tcp ae rete 
rR a Ra COR es iS yeas NMR tt a a a Ren a oe Pater ene her aR aie GAL A cara 
; ; ic F 1a othe is * 4, ei conn a i oe e oh es ry ye vate ‘ cs wh Pr waa eae eS rok ry a ny Steraeee myo Sa vee AXA me as re bet Spratt hie’ BRU aC “18 
y : y , 5 Ve tok’ ein en ee af betta odes ee Mi A bile eee ey Ee tare a) = 
i F 3 PB y" a) on a | Crh ete) 4 a ek hat i bey t h4 Pc otwathe bs Metis Oe Are sie 
p ar ‘on ee Fic a € PB Pa ee bee ue rn erate wrt W Th tA at he p ae) a ree the} Lh Pha aol a en x s 
i tals: : AA 2 mw it \ “ iz ; ; os sa ~ oe Ko ne oe 9 <4 " Raat rok ae ea pirate mascigegts oe oa bai eae nk COROUCES d ~ Pr. th we “why. 
oa 5 ok te a Re SOC er ior y eek alee OT Oe esr as gee ti mah be ee LOMO LY Saar i Wr er ee eh part eee) oa ar Y Parwtraeay hag ct fey ag oe Aah 5 nae 
Fl oh A pA ha ec Te ee rts $3 is F - Agente : uy Ler Co ee Re end Ca ' 3 a) Cont] Lvtehy 
6 z 7 feast ’ Fy 5 oF nye aay er 5) ue SOL er Pie WSS x: 5 1 ge Ary mS RRR ie: ah ae biG ‘oe ort RNA ya ~~ " ah eee pay Ne rary i ee Soot re e ay Acta 
Ors 4 a MC ey i FO) 2 1 } Pope Ths ae ook k Aorta red Mees Th) ee ae ar Oral es Rtaetee | > i va TE 3 mrt or er Supe a bare sire te. Ae Pers a 
eae) A yond 8 BP mo ae We be Pi AS A SOO Vere err Pith et yy ieee oat ek) pcr Bo TN OS poe Oa rte? orate ae Wig bg-waiptrad ol bp! ers He oo ma 
Pe a Lor uk SEL aE CNP Ron Ck CREAN HR eer aR SR Sacer eaten rea era AN 
A - etiwie | ie M F igo} Pil: . ae ek, F ‘ r Whar hye ; - f p 
Reeth ore ae ne re al hbo tee Sins Da EG SULTAN Ree ROT Sere tN i eters ape oe Sea SCP ER Fe cle ies OLS 
‘os A eva hie a " , L} ee ie Note rk OE OGY ely tite § 938 4.84 NN var te wry eye a An Oa Oateat bag pes Orin bate dart ted 
er Pee a ‘. pa , os ‘ uh ay BA | ee Th ee eS re er Aa oY Te Be “fad Avra entn, a LALA o pr he cere FA Wes ORL he 4 as te ary cy 
v2 hh D Ce + 5 ee eer MD erin ee: ve ye rey | eee] wae exer ie beh I ee hn Sol Seas r wel oe, tha 7h Vl EIEN Wort 4 a F er ery) i‘ 
‘ 1 ae ee, Oe kj ee Re ye t ae me O SS Pirie he A bitter det ee ib, te) Rath de) Ree hte yh Ps arngidse Oat Maes batts Aafia be ed Sirah 
P Oe oy Ph eel A iar Sk Ge A em Ot pee lo OR ELE ee Ly Lh ay “ho bye eee ei % Ten inate et yu, rhe 5 oltre oe aa A i 
Fl F a shy +" Mar Ue 4, ae : erie 5 Ce ee ees ‘ rit ee Aah eA a a! one tN Sea pss 4 a RA ate Re eer ho 
“a L o By oe a erat Lyre. 3 r +t ner}: Se he & i by ry A Hic keponestn LD Se ae Lan 
A ’ ' ) iv a eae b uy ; ve Oy ala 4 prt, * | 4 tyme Lees in Per RMON iy ee eye x bos cre ee Tae “pene ee Ne St me ae Tet 
7 i ry i hee ee 7 ‘" : i PRE OEL: seein et hdbet Z a Bp thao ral 
’ Ih ta Ne a es a mn > A aI ec) or ee es A :° : 2 Cote ve ORGY eae se Por sy erin C2 STH rs wy fy $rky othe te oe Se Chane : 
Pe M4 . ve Py at D LU i er ie | ter wie ig A . ray A a a 1 y We iret 4, At Sart va Ah 4 Ge | » & LO ah Se re hiGs & aw yl hbo apr be dent 
» ry * ; ro te ; ‘i 1 Le a 4 ys ne SY yale ma LY PS 5 AG AN acne e SRN RAT SENN a eS ee a) GR 
a ar cee ‘i eA We ae 1 Ye Ae at G ‘ie errs io . fy See ILL eh A 5 Oye Bray Liiedeten beth ooh C 
i ‘ a) J 5 Pm Pe A k ie 1 ee Oe (nS AS Fe AAO Pal es ee A aR WCC RCI Ty tc teeh mene rere, meebo A hrk he ies 
at : i | a a a a2 al id s Tune Oe MeO AR : Wi elie ant ao ee : CE eS iw 5 ap be ae apg path bebe 
“St ra F ie ui ice are ig Tuy on Awe Ae SES ech Aly ary oe wes sme RNse.8 aisle Ah ops fs a Tee. a4 bis = ris i Oey Masia Mir a a cht 
ed oF oe tt Me Wy a "Sara be aneahs aes A x ee ame RECs Nie LEN wot Ke SURI ache te Vaeeatonns, pe Saree 
tea SE NOT aR Gard mC Tes Waa CCR LOR A ror ER COAL EC toh RASC RS APT POCA Td Rares hy tore Ah US 
3 3 ry o aK Wey OF) ri ¥ tr ee) ON RY EV er Ha mata ny 4's a’a Serer Ti weet mee raeerea NS parr COC ts AES th ik. Tae tate: 
: is Aa nay! earn FN hn OI As er CR re y 5 Seen aetns Oe he PRC ene pars bed tat eaks rh Nate ew te 
re ts ‘ La 2° ee ’ be i p er veer) ne ie yA * ee 2 ee AD ee ath Ak MS ee re ES mon Rr oC LS Cn oa 
r Se % * r % 4 in widive A hy era Pe ery ih oe, ew ee bate Rh lh oh te hor a} ca bei! re TE, ines EO ero ee ty Sarre py aie eh, res 
oO ee ie, ee 7 wa aa hin Oe ee i ne ie ! oy a NEI aha oy tent | Sa tar KS ay aad ak ay A ae RADCNY. Geer trary eit ’ 
A & ae - a iO d ~ . om % , r ry ‘ Urry Ty My i of 
OY Sea ee ee CIO Bet 5 be EK ry rn cs ‘yas Sarre hake ~ Aer Rea ENT hi eX Sees en 
Mary : wt rr ie ’ a Ph fi Bled er F : bY a eames Lal q “ 
1s Fs _ ; ne 1a ai a ‘ a OO ee ham ay er ey oA rk te bth, bin de tte enya Sri ey wht Cae ir ; tek. 
eS 0 a pw ee ere kA ee eae eS ish aak hy Ce SCs 60.0% SAE Pg Me ik hs ae eA j oi ee 
P Q b a. , ¥ # hy 6 
owe ST a m ters oR . ie et F HK oe 7a 4) ee 4 RS ry ah SON oe pete ee phvare SNA Ss oer) Te 4 a 
rn P 4 ra A 5 A "hon 5 A Pel Shae N78: rs Cea Sr heh Ci bar Man Lad M FF ogra " a 
a ar) a n “ uy a Vii es 4 * ‘ ares " 5 we wT nt a : ry eat my vie NTC, nO POE An seas Sens bcd; : oI 
Pia ee ‘ etre J Ld ~ ~ AAU * ro 5 
mR A ie NEEM inl a gos ROMS ETB Onk ail Aaah rR CRE RUN eh St OS ira a ances Tar 
oat Ua ae au Ue LY Pi Be A * i a ae | Fl e Pe ’ Pe ms Hy RL wt ou I iia Com <M EKA ade UM iS A Saeloey IP Pas} =a se 8 ini atthe ern at 4 Til beh a then ot 
i ary . , er " . A he we? pe ee eee Pye tata a es AS Ra ho ers CO Rates ites desl RSE ar ae i 
r a2 '} J i i “a 7 1-4 oie a car x er <a TM & oat BA, Gian enh ey a ~ hes Sail e td Lhe p e 
n ha tr a , a rr) 5 t a C ary * ay SESE SNe chown, Lhe a ae we ace ae OL i 2, A a 
5 . : Pa Pd ae om) it A ¥ a re " ap FA ty are Oreck ie eres ae as reyes: 5 Cao ice 
5 ' . ¥ 2 4 0 4 ee Ha Pas } ee ey a") ye e 5 BERS - CCT Rea 4 A 2 bd ye hh Nasa a iy F Rs ation Ca fhe 
ir i hn ® ee Oe en } 7 § Py . 5 A ae Sur Le My u are eS oe aie >» ba Po4 TNS raat: Dey <¥ 
ent ae ea Be ? “iyo tp ‘phtacahy ae ay ARN PWT <a trae PN eT tad Ar ie nae Suse 
‘ : . Ms OI Sen aa ie «4 ee aT Wan eae Be) ork or rac eet bade ES aa FON 
A , eer “. res eS at i | en Me? ys LA te a 18 ae Melo i de my pa yy he ud + 
Ce ie ® Zt ry Y bn ak i } ees ry s uh a iH o ee ee WAY, ny con Goh wv AY TO 
1 om i? ‘s 4 
: Wee Tai Sastre oT SG RL PSEA Bates a rats aa 
; ' RS iad i MALTA GOAT ies Sain aN Rec ti rN 
{ . Rie ; . aa a, yh PO SO th vk a, ns Sars ran . ae ye cy . a) 
a & . , 3 
, ye Naa a) , R y as - a Ae ~ i ¥ 4 + a ? La vt ae hx A ras WenlG 2 ie ® 2 re ey, 
o vi rh x i he M eae ), \ ba Ci) Sy tee Net > . it 
F i ey , AW >> (Cae He TR ae > he? » f ane hy Veet HY 
2 u Fi eee , ee ae sO a re ae CACM SS ater Te URL a, 
U ’ oe , H 7 i be ee es & ate ohh ale 
a4 i = A i] . lay . tery 
: My ¢ is 5 A ke u A fst © ran Date ee A a} : ae ae 
! S A : 
: ‘a S ¥* a A: ‘ ys et Tk ee oe 
° + 2 ¥1 a lh ri he i * ey } a Y ‘3 Y ic be eo ba + - yu ae 4 
a ry f , A A y } + an = a } ar? ° RA R 4 *.9 eh aa aa give a Sia 
u 4 a r af rl >A 4 r 3 
$ i, nN is c R. 9 Fie " at) ‘ 5 or Le A og ee Me 3. ‘ Ou a aR w fay. nits Sy 
ee AD Mee RAT Se ee? tN Se Bit a Se 
| 1 ’ ry a oe eT Fy ee r « AS (- u 
"4 ' p's ie * 2 a A Ss a , ie 7 » \ . ~ ¥ af 4 + 
F ’ ’ 4 « 4 aa Ls Py my me, rabid ie tA% a > Te at Sm se TAA ns a 
oo ye an Sen Ree A AP MPR ER, cane ie i VES PON Ny nue 
y rr R a H re? $ A AY, : Ca Cet RT Ag t; ay 
] 7 J Lae IF s Py "eta. A ay A s 
, ra) mS is b as fi ! 1 
‘ rt >” rf 
F 4 , he s 
% 4 wd F 
i e a : , 1 
i : : * 
to ye HA ae 
rT r " M : a + b a a Pe 
n : y ; LU sO es 
- b Le | ry r eo % ry vs , 
: v } oy 
1 a + fl 
F 1 ; a ; an } 
LJ i} 7a) 4 Py 
5 ; : , 4 ) 7 ne ‘ ? # 
] a r P] é , cr ‘ Ff * 
1 rn 
i ’ oe Pe . a int ho 
vies re li eal a : 
oe oe » 
aa ee oat an, iy, 3 Ler 
i ' Cy ; i r} : , n } 3 
: ‘ UF ee 
Sf, Co SY i an | , 7 r . 
o? ie ; ' P Pe oH A ‘ ae 
e : 5 ya ; % 4 s 
ae Pd : A ri ; 
a | A ’ cf ne! haere 
. Ld oo A Ly ! 
, - en i ws ve A ? ae 
« a an H iy A ‘ 
Uy ‘ Sr 
is tr ] a 3, ’ 
U Cy 2 § 3 
A a ’ , 
; i f 4 a ny ? a 
J Ly a UJ 
Pe |) Ud 4 Ww 
ae e 
, f + jee be 
| F e* An ty & By 
r f A a , ee ery 
cca ie D . a Meee a 
r ar a nl 4 a2 yt net. LF ts es 
ry e a ' i ree ” os Ee paket 
/ , Seep Aa gear tet, aa 
a) i io x i x Ot 
F ze aye ae 5 aia da eee ie 3 pres: 
’ e Ld ay 4 = Hoag A¢ Rated pers: LS 1 
ee z PF Ly ic 1 4 ‘ i i ) a 4 é vi Ls Atte heed a NS ae ae an ee “4 a ae Sone 
e D "i a Fd 5 0 pang Pe? 
F eo ah » 4 ae rf F = PA Ee . far y TTT fet Oe hea ee AR RE “Se rie a eis ee 
H $ a 4 y } A + x) 8 id PP Ue a ae ‘ve Phy e pale Spe ree we eet 
: : ioe! ae 2 dy, ae ee %, iy A EE "OG " rye s aot ay ee Che oe ee is Talge oe 
7 eae 5 Pare i ies - F Fr) Cr are 5 E p ue? LE ? Sine 
> ‘, r) i Sl ad 5 Pa fa P Ul a cee ‘aoe Gh, no Aas es ce vy Ne a Rit AS he OCR e het Hees feigh 3 rad . eee 
: , a ye ie OU ea ie a Py erine SARA ER AS at Diddy oe i 
; ; is Cee t > ar 5 Cd Nou vi ARES od PF tLNe yaad Fr Neer ene Ke Le LOY. a 2 ee 
pos a cs 7 on te Ariat me C. ewer , ear. fhe OR SAA Atos TITLE: ANoe a se eM 
rad rn) L H F ca $ " ha” U AA - 4 y St 4 opt be * ) 2h 2 r tis ee th La ana tia tete aah ie = ri 
F r) i | | Ca 5 D » sf r ae ywin es 4 A Bak Wh ie 
5 A 6 a) Of 3 ad tarseny yea Pa Heke 
+ 5 5 re ey r - Ue y : rw i aes i aaty tet le page) the re ay MoTcitten te 4 Kiglas TPL Lie ch tee 
, x4 ; i : if ; aw ic Ke i Pd A a Pd vf, D Ngee We at Ma e git h a, as « ee Sep ee “f : CES es Pie z 
la ; J 5 ORY J ro Puan 9 o ‘ RE p we vo rw) ty A ivy a Cane gy bk A ry ed oy nfigh FE OEY ees SS ty Se Otaet tes ty rare 4 tae fs peas a ae oa 
F UO sie) A ie 1,9 74 Cr a) we kit a f tamales Aye, PCr iA PF Swe Fy 3" in Sap ape = he ee frp ; 
J / is Wider i 2 “a ade! 2 oe We Bee a os ar ty er te ee Pes SR Ay te One hae ME A Af pane me fie 
pl PY i, TT I nr er ee | F , id a) Hy A ti ter a ALY ue J a Sate Tg! aera Wh oe a 
fi , i an) 5 UR A Ug A AO AE at “i tre eke Agen | 
fA Oe Ord ae Te EKA EY ru ee AC hates Conn Ce aE tie ee hive aa RE Bek Ore ee i ae Be 
fot 4 x re) f Ri it er 2: ey ee) A ee tT, 3 Bs ba weg a: Va pba Pe s ge re ral rhe . 
a ie de at ee Ls j pee be i rr ee See Oe OR LN) ee eat ry AA RTE vy ek ‘ cn cy 4 
1 of both t eer se a a) r ‘ Wo 4 i d ie) a AN U Adele F Ff’ he N b= he ONet x a a oP Yarn L = eke Ria rae ota Vass neo 
P Fy ri q ae — ee ) tne A ane ee oir . Vad s AP enn teh “Hf dig : 
, 3 eee er Aare s Poe ae. o ry ae i Be ae ee 
P ‘ Py ae i : . ry } ‘f by 4 " a , _ Prey ' nee ay Ps ’ ry mo or a, oe ed Pf : A al id oi 3 Bead ate he ” io as in tee as a of he . moe chimerets ? “e fees ek th 
u e, PLL fed 5 vf, , ’ " Vt, bg Psi 5 A Mi i 2 ce 
: ; # nes 7 7 ie re i i ie " ne) ei ay Pe ak in Conn) A wa : ay a ev cd r ei “php ot ri by Pe at oe H faye uy need Rate abs fa patie 
Ly rr. U , | ae y cry Mee Fi a a Ae CSR ire i | Pov 8 ohiyi , Has belt 2 
_ R ay 7 i ni 7 ed ©) i a , A i ‘ ; sot Fu ih » +e ”) i Ri. i Rey «ph 3 CAL on ee ee Cad yi ARRAS Kae tt ied Tarek py TT eat bey fs. 
¢ eer a) § ’ rn) ‘ a ee ee Le 2 a a ee i gee el fy iota ND hee A ee Pe ee Cpe pr oe Pate anes phd 
, PRC CL ae Wom |! a vs an Pa On a Cea a. ° =. wis ee By 4 Ks re ar FA A TR IN eh 19 ee rea Ae A ri 
7 : Ld 2 y bs M J 4 < G rd 
iy Tae Pers 2 ? ZS AG pity 5 SF op a pe st SCE A eM Te eee 7 i LW 5 5 a re q et fea AR eC b at Ty cae Te oe Rees 
F a) oat ony *vee , 22} ¢ b 2 esoe bay OWT as ob ony ee | CMR ae Oe my ine Pog Of sey pee A 
ed ei e Le, oaae, pe y Fo! PEE dk yt ae Rane x A a St rr i hee pet Bre pee Pagar yet Re RATA, at PAARL 
tC) 6 a a 4 F 4 * * 
: are * is Om aoe n eos } wraeta a ae ear ere he es AG A AAT ad ya ap etd DNA LE o Aa tig ly ae ane ee 
) aS Sir o SE ie ae a ene 5: WY Mos esx Pore rc on od W beste wget eae OES Eas a te zat P 
D /.— ’ yo? AeA Re pay ye ee ’ ere A uh Ke LA Poy! ae FA RAN. f ROL Poe es Lee) va “yA “pe Res 
Je ae ONY NS PU is RC SAC RES Le a ie aan? See RE catty Reece on nias Fgh ML I 
ei oe an oe whey ‘ee OR 4 T. te ig" Oa xa na fs oy Rinne POR wt EL: aA PA Re stete AT aE ears ele st gets 
’ ‘ a * 1 i Loa U : F Pst ay » Uae Seana ys bet me 8 ee P aT D met . : 7 fy Lap a Le bo ae oe De ¥ 
Fs Caro ane ae) ONE | Sr o OL Caley adel is é 
5 le - wy ‘ yh MY 8147 : Fy! a = Uy i A . , e's al, rt ay 5 > A ‘ mas oe a8 Ay a . rn ch UN By Ba a CAS Cat 5 ate Ratan ek “hag es a Ete h 
Fi Fi v7 r w M o : h i ¥ 5 tr # ee = hy rig e 
n fee . ra ’ by aL ee) } nae Brae pee ia A x ae it mi Kae i phe A Lis ke eee tat ttt) holh Dh fib Lali Te ote aD ne yee ee yt 
ates A Py ce ME ie Pr KY’ ay oP i Paris TPC BA oe pe PAA oe fdas het Shs Bhat flee oh eey'4 rs ON a: 
: u : ‘i : 8 , SOS Maria ini ren at P| VE VETS ty 4 is pe ds el aL Ae ty hy 
ri ae ur f m ee * 4 : ea ay) - *, ae s" AL ‘ Je rey Wid + ty AR ee poe nt ry See) a GA CP tet iF Pe 
: tir Sere ita rd) SOA Ny RAN AR Seer i aoe rss me . ol i RRA Aa ort ee oS 
U ait , , RK ; j Lao : 4 
go N 5 1, Oh ean ie gl - ee) uA tt — a. ny ay te: a Ade eee RL Tae ie ad fs fe on ie bh Ata a Lien Litre Ory 
r i i o r ¥ ae oO ak | Ey ro 7 +) en el ee et ace UR lo? Ott Coa Aiea ie fyt Spe tele? eee es: 
aaa ‘ | ea a Ue ORR Se mE EMEC ONES ECORCE Tn Mane yA a fot eater mee nae areca ae 
PF a : » Pee , me ye, a ry ¢ rf rh ps f 
‘ _ ‘at AL, Ss oe Ae OnAtn e iG fi ef ate lp Bee oy be ey ae tp meat peaks Hee EB pees een SANE i a res aiaieek Ld PERNT Hep hed 
L - g J i ae iP Dmode ny Masha aD Vy eieelegs eee, ra ie “ Fe ats et boats 
Fy a | i 49% a boyd, P i PCL a ti At het aL kad A re abd ye oH SE dy pty rye 
F f Soe eure ods ? a a / aa ree Paes fad AY aa Alig nt ET 
r Ue eee co ar? W's Bu kh ga 4 A hdl ak P tt? eke ie 
‘ ! ; Ki e " " “ ‘ i ? y Ary ‘ a enn iu e fs a ee of LORS eh 3 a: eR ae Pah ee ft ass ey i w sa eat 
' n ) ae ar ad fl Q eee ce eet 1 Keer { ae a bah A ; 
F ; n et ‘ia Le et ee SS : ¥ A ; , aun os 
* : peat a C % , 14 ee ey ’ Ae Pye A ad 6 iA AKAN es Rpotas a yal RR ie 
ran ae 1 ee a Ph Fe aT ee iors Nod ae , ! ne RE a had $6 ne v7 ie Nara ps /, 
' a iY AU os * A ten Cm ry ie er rere my I ’ 4 
weeny a eee mes a hte) rn vd LOX . fe Tas ate a 
U ati j . 4 i | ait Bo) i ee H ’ ADA: 
{ ei 
ace = sa ake Ca Fie.) dsr fas a 
° a ' 
cae th a alee} uy ¥ v ae Farge ee 
y : en ut a es e or 
F f ie ie | ‘ “eal ot ee a . ft BOG 
4 a a 
‘ i f° LU ( 
* ‘ uh p ‘- an - Ba, eS elk - 
i 4 8 rise P 
F i rane Ee. Pa D dae Ky er 4 Fy a he Le ath, 
p FU tia 4 ‘ a 3? Ti eg 
‘ aa hate May SR 
' 
" : Ah at cF a] eG 
, ' sree i) Pet he | i 




















NAVAL POSTGRADUATE SCHOOL 


Monterey, Galifornia 





THESI>S 


AN ECONOMIC MODEL FOR 
THE REPLACEMENT AND MANAGEMENT 
OF NAVY VEHICLES 
by 
Dale M. W. Walker 


euqva 


Gian aoa Las 


June 1984 


Thesis Advisor: Sau So. L140 





Approved for public release; distribution unlimited 


T222480 





mee UNCLASSIFIED 


SECURITY CLASSIFICATION DF THIS P4GE (When Data Entered) 
READ INSTRUCTIONS 


REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 


2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER 








REPORT NUMBER 












TYPE OF REPORT & PERIOD COVERED 
Master!s Thesis 
June 1984 


PERFORMING ORG. REPORT NUMBER 


4. TITLE (and Subdtitie) 

















An Economic Model for 
the Replacement and Management 
of Navy Vehicles 











8. CONTRACT OR GRANT NUMBER(8) 







AUTHOR(s) 


Dale M. W. Walker 
weetan Rk. Silas 








PERFORMING ORGANIZATION NAME AND ADDRESS 


Naval Postgraduate School 
Monterey, California 93943 





10. PROGRAM ELEMENT, PROJECT, TASS 
AREA & WORK UNIT NUMBERS 







12. REPORT OATE 





CONTROLLING OF FICE NAME ANDO AOORESS 





Naval Postgraduate School June 1984 
Monterey, California 93943 aie 






* 


MONITORING AGENCY NAME & AODRESS(/f different from Controlling Office) 1S. SECURITY CLASS. (of thla report) 





1$a. OECLASSIFICATION’ OOWNGRADING 
SCHEDULE 


116. DISTRIBUTION STATEMENT (of this Report) 


Approved for public release; distribution unlimited 


17. OISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) 


18. SUPPLEMENTARY NOTES 


19. KEY WORDS (Continue on reverse side if necessary and identify by block number) 


Vehicle Economic Life Project BEot 
Replacement Economic Model 

service Life Model 

Optimal Service Life Administrative Use Vehicles 


20. ABSTRACT (Continue on revorse side If necessary and identify by block number) 


The Naval Facilities Engineering Command (NAVFACENGCOM) Command 
Management Guidance for FY-84 identified the need for an alternative to the 
twenty year old DOD-specified vehicle replacement criteria (age and mileage). 
This thesis identifies a model which structures the replacement decision as an 
examination of the economic balance between average annual costs of ownership 
and operation. The model is suggested for dynamic application in determining 
the optimal service lives of various vehicle types for fleet-wide replacement 


ORM | 
DD , jan 73 1473 EDITION OF 1 Nov 6515 OBSOLETE 
UN 5 


S N 0102-LF-014- 
he SECURITY CLASSIFICATION OF THIS PAGE (Whon Data Entered) 


UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 








programming. It is also recommended as a tool for activity level transporta- 
tion managers, since it provides a means to examine and compare the economic 
consequences of management policies and practices. Its practicality for 

this application is enhanced by the possibility that if implemented via the 
computer medium, it could he integrated with the electronic record keeping 
capability for public works transporation management currently being 

provided by NAVFACENGCOM's Project BEST. 


S/N 0102- LF- 014-6601 UN 
CLASSIFIED 


a i ee, 
2 SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered) 


Teaco v srormollL lle teleéasce; distribution unlimited. 


An Economic Model for 
the Replacement and Management 
of Navy Vehicles 


Dy 


| Tale M. W. Walker 
laeutenant Commander, Civili Engineer Ol na United States Navy 
Pevrciiteceture, Unurversity of Colorado, 1972 


and 


ae Pes etaneete 51 1as 
Lieutenant, Civil Engineer Corps, United States Naval Reserve 
Bie Building Cole Geicelon. Universtiy of Florida, 12 


Seti tode ine pdgudal Lulritiment of the 
Leguirements for the degree of 


MASTER CF SCLENCE IN MANAGMENT 


£rcom the 


pert i ABSTRACT 


The Navai Facilities Engineering Command (NAVFACENCCCM) 
Command Management Guidance fer FY-84 identified the need 
for an alternative to the twenty year old DOD-specified 
vehicle replacement criteria (age and mileage). This thesis 
identifies a model which structures the repiacement ceéecision 
aS an e€xXamMinaticn cf the economic palance between average 
annual costs c£ ownership and operation. The medel is 
suggested fcr dynamic application in determining the optimal 
service lives or various vehicie types for fleet-wide 
replacement programmiry. It is also recommended as a tooi 
tor activity level transportation Managers, Since ie 
provides a means to €xamine and compare the economic ccnse- 
quences cf management policies and practices. Its Prager. 
cality for this application iS enhanced by the possibwiiag 
that if implemented via the computer medium, it ccuid be 
integrated with the electronic record keeping capability for 
rublic werks” transrortataen management currently teing 
provided by NAVFACENGCOM's Project BEST. 


eT . 


ery . 


IV. 


TABLE Or CONTENTS 


Pee Cl [Oamesuesmenr eo) «) 6s « «ew 6 6 6 
eee PED er Ch ON ER VeoHICLE REPLACEMENT 

PCR = © Me «tier de «© « =e s « « « «@ «@ « 
Poe te ACM ENe MBC ISTON . .« « « © « « 
Wee Orb w OP Ibe Stuy . « «+ « 6 « & © © « « 


PeaeGeROUN LD Selhe so sits 9s « «0 8 © 6 © «© « « * 
PemeecruGiIN OF CURRENT D@® REPLACENSENT POLICY 
Peco Onel CALS REPL ACENENT NODELS . 2. « « -« 


eee ee Or SEMPER Ghee STUDIES . s «56 <« s 
lee DAC Oars Gre. «etme b ss «6 « « | « @ 
Zoe eChOnmeidosemnet@ere study 9. « << . - 
SG Cmmonte Cl) jammomere io ntmenee tts 2 6 se (Cw 5 (8 
Se rOOmcseanaeBULCN Study sUiewns « «+. « 


OTe Slee) Wo Gy crete eel teeth Gus, 9, <6) a0 days 
Creme Ue mcr SEU uemEs << 6 + 4 « © « 


moeperlreoN OPA RECLACENENT MODEL FOR NAVY 


Ree eee MCIG es Micldw ea MNegiis | is ss « ¢ © © « ~« 
eerLurNCpecr EP IRICGCAL STUDIES « «2 «s 
1. Timing Differences Between Studies . 


-~ 


ze Cost Experience Differences Between 
DEJCINGHNG So ayemm nes Ge cc ces ow se 
3. Differences in Model Inputs and Forn 
BeeCONS LUERATIOCNS AND PROPOSAL FOR A MODSL 
Cee UCU nee P eth MODEL Ss 655 « « -« 
PCL oP ih eOr eT HEAMODEL 1 « < « « « « « 


WerorinG MODET TN THEORY AND PRACTICE ... 
Voronoi he remAre LIGATION OF THE MODEL . . 


10 
12 


14 
14 
NS 
ee 
Ai, 
19 
Ze 
25 
29 
Zo 


27 
2a 
Za 


28 
2g 
37) 
a0 
4 2 


4] 
47 


Be. TERACTICAL APPS Fi CNS OF Vaum 
Ce. A COMPUTERIZED APPROACH 
De. <INTEKACTICN SCR Ohi ell Del ha elte: 


V. INE Gee a a 


HCDEL 


REQUTREMENIS AND AVADEREI Is 
Ae INPUT DATA PEOQULTRED 
1. -Gapiuta teas tc 


2- Orferating and Maintenance Costs. 


- Dewntinge . 


(in <= 9 


2e Public Works Centers 


Vi. HAVY APPLICATICNS@er Tele iopee 
Ae FLEET WiDE BEA Chie ee eee, 


- Disposal Costs . 


- PEOCUETtIVaTy ~Goscs : 
Be EXISTING DAtra eas: 
1. Public Works Derartuwents 


EB. INDIVIDUAL VEHICL& HEPIACE MENTS 


Vie. 
Ae. SUMMARY ... 


SUMMARY & CONCIUSIONS 


Be CONCLUSIONS AND RECOMMENDATIONS 


APR ENE a keh: 


APPENDIX Bs 

OD ew sn 
APPENDIX «Cs>* PROUEC TEE 
EIS] CF REPSREMeES =) ene 


INITIAL CISTR2 SUTTON irs 


PUBLIC J ECANOL Cer 
Roe LAC EEN eee ae hn or 


TNCUORPORATE EL OVERTCr = 


ECONOMIC VEAICLE ASSIGNMENT £ EPR AC ite 


a0 
DZ 


re. 
Be, 
a 
63 
68 
79 
70 
WW 
ri 
74 


70 
76 
a 


82 
83 


eo 


Wats 
vil. 


Sere UiAt LCN PAGsORS FOR REPLACENENT VALUES 
MeeeOnwne VeoSnD Venter LIFE EXPECIANCTI ES 


moOGte, DULEN PR EVionD —VeHLCLE LIFE EXPECTANCLES 


eoieOr- TABLES 


Wie hAtinNG AND MAINIENENCE COSTS. 


GyrprthL, (G@WNERSHIP) COSTS ($10,000 ACUUITSITIOCN 


VALUE) 


tel eee aPITAL, OPERATING AND MAINTENANCE COSTS 


PPFECS 


OF FIX BEESCOs) S 7CimOcw INPUT 


LS 
20 
24 
34 


Bie 
Bo 
G6 


(9 Gad W 
6 * 
GW Wh) 


3.4 
A.1 
NGC 
Aes 
A.4 
A.D 
Eee 
Eee 
Eee 
E.4 
Ee 
F.6 


LiSfeOor FIGURES 


Operating and Warnutenance Costs ime 
Capital (@gsnershis) CostS@e. <= yeaa) eee 
Total Capital, Operating and Maintenance 


Costs oe «© 6 © Sais eae oe 


Average TotalvGost Ecuect 1on eee 


PTI InlLobpma tion FLOW. 6 sop oeee ee 
CURVEFII PECGgram OWEput = 5. SS eee 
LIFET INE PEGgram OU CU ee eee 
TRENDS FEOQEam CULE EUE 5 SS ee ee eee 
REPALRLIM Program OUELDUE < 2.2) 2 5 eee 
Maintenance GPN for Sedans)... eee 
Historical vs. Derived Maintenance CPM. . 
Expected Maintenance Costs USing Averages 
Vehicle Assignment Has An Erfect .... . 
Vehicle Replacement Application .... . 


Multipliers For Maintenance Cost Per Mile 


Ua 
O° 


41 
43 
88 
90 
91 
92 
93 
95 
95 
96 
96 
98 
99 


I. INTRODUCTION 


feet ee NEED FOR A NEW VEHICLE REPLACEMENT POLICY 


The Naval Facilities Engineering Command (NAVFACENGCCh) 
has respcensibility in determininy reyuirements, precuring, 
and assiocning a family of evuipment commonly reterred to as 
Mev. ENCGineering Sufrort Equipment (CESE). This inciudes 
mieomctive vehicles, construction, fraiiway, firefighting, 
and mckile weight hardling equipment. Because these eguip- 
Mme nave, Lor all practical purposes, finite lives, freri- 
odic replacement ils reguired. In recent years’ the 
replacement of the Navy's CESE has suffered trom a lack o£ 
support ky Office of the Chief of Naval Operations (CENAV) 
sponsers during the Navy's programming fhase cf the 
Department cf Defense (DOD) Planning, Proyramming, and 
Eudgeting Systen. Tris has resuited in the procurement of 
CESE at levels less than those recommendea, extended tne 
reguired life of this equipment beyond tne current life 
expectancy criteria, and possibly driven the operating and 
Maintenance funding reguirements higher than anticipated. 
[eorcerkr to obtain Jorg term doliar Commitments ky CPNAV 
sponsors, the Ccmmander of NAVFACENGCOM has delineated the 
need for "....develofing a new, salable, and effective fasis 
for the CESE replacement progran, other than the ‘overage’ 
Srrcecria currently used" [Ref. 1: p. 8]. 

Additional emphasis in this area was ;rovided Ey a 
NAVFACENGCOM Insfectcr General (IG) audit performed at the 
Naval Gome tric tion Battalion Center, Oi Hueremre, 
Siva ierria in September 1983. Recommendation @2-215 
proposed that the Civil Engineer Support Orfice (CESC), the 
Organizaticn within NAVFACENGCOM responsible for ccordina- 


tion cf CESE replacerent programming, 


eeeeit Conjunction with NAVFACENGCOM (Codes 0G) 9 De cum 
Commander or Military Readiness “QSExbens) and “ay 
Assistant Commander for Facilities and Transportaticn), 
explore the feasikility of developing a ife cycle 
management model for autcmotive, COLStruction, .” Vane 
Speciai handling eguipment that would include readiness 
factors, @Maintehance costs, retention, overage, acgquisi- 
Lich, ceste, ener dae technology and other variables as 
approgcriate. {Rei ae 


The primary objective of transportation management 
within the DOD is to provide optimum responsiveness, effi-~ 
ciency, and economy in support or the DOD wmissicn. 
NAVFACENGCOM's interest in the development of a new tasis 
for CESE refrlacement is to be able to clearly i111UuSttatemee 
the OPNAV sponsors, as well as others concerned, that 
failure to replace an equipment asset at the completicn cf 
its econcmic life will result in the use of excessive 
amounts cf operating and maintenance funds by activities to 
allow fcr the asset's continued operation. Because the 
gGuantity of transpcrtation ejuipment available to each 
activity, identified as its "allowance", is initially espa 
lished and thereafter annually reviewed and validated Lased 
on aprroved justifialle requirements, the activity must fund 
the crerating and maintenance costs necessary to keep the 
asset functional in crder to pDaintain its availability for 
missicn supfrort. Not only iS it possible that these costs 
kecome uneconomical cver time due to increased maintenance 
and repair reguirements, the level of responsiveness that 
can ke achieved with this asset may be severely diminished 
due tc an increase in downtime as it ages. This can result 
in a dégradation cf the activity's mission readiness 


capabilities. 


Be. TEE REPLACEMENT LCECISION 


Simply stated, the objective of any replacement policy 


is to oftimize the economic conseguences of owning and 


10 


cperating an asset while maintaining established performance 
and safety reguirements. For transportation eguipment the 
Metco COStS entering into the esguation in poth the public 
and private sectors are the fixed cost of acyuisiticn ana 
the variarle costs of operations, maintenance, and repairs. 
Fer commerciai enterprises, other factors such as ths 
M@eetece Insurance, tke influence of advertising, tax ccnsid- 
erations, trade-in values, and an asset's contribution to 
the generation of revenue in many cases also influence the 


replacement decision. Ciingman states: 


Sete from a financial viewpoint, a company should drive 
its cars as lony as they are operable because the euguip- 
ment annual ccest Lecomes less the longer the car is 
driven. HOWE VCE, eMployce Morale, corporate image and 
ee oo: employee satety, reliability, and aciver tine 
ost due to excessive maintenance wouid rule out this 
messibility for sost coMpanies.. Therefore, trade-in 
MeeGisicns are based on aiuntangibles or dirficult-to- 
@uantity considerations as listed above. ([ Ref. 


Bazety, cteliability, and image, in terms of “pride and 
professicnralism", are also cf concern to the Navy, but 
Status generally 1s net, as evidenced by the fact that most 
equipment is of a factory standard color and contains only 
finimum amenities. The Navy, like many commercial enter- 
prises, has formally established replacement criteria for 
GESE. Though a vénicie fay meet tie replacement criteria, 
this does net ensure that it will be automatically or inme- 
diately replaced. As a practicai matter, there is cnly one 
annual procurement cycle after approval of the budget and 
release or the apprefriations. If insurficient funds are 
proyrammed and/or budgeted to repiace all eligible assets, 
some veLicles will net be replaced. When this happens, an 
activity must coordinate with its Transportation Egquifment 
Management Center (TEMC), in order to determine which of the 


eliyitle assets will actually ke replaced. 
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TEMC'*s are organizations established to  accomeiien 


asSigned centralized technical responsibilities for the 
transportation equipment Dregram!) 1a administering the 
assignment, replacezent, and disposal of tranSpertation 


equipment, and froviding technicai advice and assistance in 
its maintenance and utilization. In the case of ani 
inability tc replace all eligible vehicles, the TEMC will 
determine the order cf priority in which assets from eacn of 


1ts activities will ke replaced. 


C. SCCPE OF THE SS aie 


This study explcres the feasibility of implementing 
within the Navy's fleet management systems an economic Lased 
model for use in vehicle replacement decision-making. itis 
intended that this mcdel would be used primarily by activity 
transportation managers aS a basis for justifying tneir 
replacement reguirements to tneir respective TEMG se 
Consclidaticn of these requirements could then be passed up 
the programming chain-of command for use by the TEA@ "sae 
NAVFACENGCOM, to the OPNAV sponsors, and to Congress. ay 
crder to facilitate its use, the model must be underétand- 
able to those field level managers, yet be comprehensive 
enough to ke used aSa FEasis of documentation fcr the 
programpgfing process to illustrate the ramifications of 
varying levels of transportation equipment procurement uron 
operations and maintenance funding and mission readiness. 

Additionally, this study investigates the merits of the 
use of static estaklished age and mileage criteria as 
currently employed, versus the merits of a dynamic, continu- 
ally eveclviny process for vehicle replacement. [t 
hypothesized that although, through a centralized procure- 
ment system, a vehicle's acquisition cost is eyual te all 


Other like vehicles procured in a particular year, the 


Smenent, consistently applied replacement policy may nct be 
the mcst ccst effective. Ppas is due to difiering laror 
rates and weatheryenvironmental conditions in various 
regicns cf the country which impact upon a vehicle's cper- 
ating and maintenance costs. 

This study is limited in scope to an examination of 
administrative use vehicles which comorise approximately 62% 
Smmene total CzSE fleet and, eee Datta Mele to sedais, 
SeaGeben Wagons, and 1/4 to 3/4 ton pickup trucks which 
constitute approximately 77% of the administrative vehicle 
fleet. 

An administrative use vehicle is defined as "....a motor 
vehicle, usually of ccmmercial design, assigned on the tasis 
@eecoLrfal authorizaticn documents, to provide transportation 
emp ecrt Of an instalilation/activit;." BOM DEOvVECeM Ture ier 
@meriticaticn o£ this definition, a commercially designed 
vehicle is "a vehicle designed to meet Civilian reguirements 
and used without majcr modifications by DOD activities for 
routine purroses in connection with the transportation of 


Supplies, personnel, crc eyguipment."” [Ref. 4: p. A-1] 


II. BACKGROUND 


Aw. ORIGIN OF CURRENT DOD REPLACEMENT POLICY 


The current DOD relicy for the manajement, acquisition, 
and use c£ motor vehicles establishes the standard replace- 
ment criteria for ccmmercially designed vehicles. These 
criteria are based on age and accumulated mileage variatles, 
and also direct DOD components on the calculation and use of 
one-time repair limits. [Ref. 4: p. 12-5] 

Frcem authority vested by published instructions of the 
Secretary of the Navy, the Chief of Naval Operations and the 
Chief cf Naval Material, NAVFACENGCON has technical respon- 
Sibility forvthe administra ezon, operation and procurement 
c£ transportation equipment for the Navy. NAVFACENGCOPM has 
provided guidelines for the management of this eyguipfment 
{j REE. So 6 which include the criteria for replacement in 
terms of the DOD age and accumulated mileage variables as 


well as the factors for the computation of cost repair 


limits. Sedans, Station wayons and 1/4 to 3/4 ton pickup 
trucks are eligible for replacement when one of the 
rollowing criteria has been met: (1) six years of age, (2) 


accumulaticn of 72,000 lites cocoe) when the one time cost 
cf refairs exceeds S50 percent of the present replacement 
value of the vehicle as determined from the computaticn 
factors shown in Table 2 [Ret S>) (oom The present 
replacement value of a four year old vehicie, for example, 
1s considered to be 42% of the current acquisiticn cost. 
One time refairs are limited to 50% of this amount. 

The current criteria for vehicle replacement originated 
aS tne cesult of a study during tae carly 1960's Oo: Veneers 


repair and replacement policy by staff members of the Office 


TABLE I 
COMPUTATION FACTORS FOR REPLACEMENT VALUES 


| 
| 
| 
| 
| 
| 
) 
| 
| 
| 
| 
a eee 


Age in Years 1 2 3 + > 6 


| 
Percentage of 
Eguifmen nS 64 po 42 31 20 
Replacement Cost | 

| 


of Assistant Secretary of Defense, assisted by transperta- 
tion representatives cf the military services. Analysis of 
data from Lkoth the Government and private industry denon- 
strated that for each mile of vehicle use, a derinite 
percentase of wear resulted under jiven operatiny conditicns 
and maintenance procedures. It was therefore concluded that 
the interests of econcmy and efriciency could best tLe served 
by adepting ah objective for planned replacement when 
Se@tain Mileage or ccndition factors (age or one time repair 
cost) were met. [{Ref. 6: p. 44] 

Prior to the establishment of these criteria vehicles 
were replaced when an inspectcr judyed tnat a vehicle wus 


Worn Cut and worthy of replacement [Ref. 7: p. 3]. 


Be. IHEORETICAL REPLACEMENT MODELS 


As an initial apfroach to the search for new rezrlacement 
criteria, consideration was given to waat the theoretical 
literature on replacement in general ias to offer. It was 
reasoned that only through knowleage or wnat is available in 
theory, could a replacement model be identified or cevelo;zed 
mor, Practical application. 

As summarized by Dougias, rodern replacement theory 


Begaml 1n 1923 with J. S. Tayior's theory of optimizing 
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economic life by mMinimizany the urit COSt of Output. tare. 
Hotelling simplified the process by the use o£ certiruous 
functions shortiy thereatiter, and in 1940750 Dil G- Ase 
Preinreich advanced the theory that the imnediate replace- 
ment decision was influenced [Ey an infinite chain cf 
Successor repiacenents. George Terborgh, in 1949, put forth 
the idea of an "inferiority gradient"; a means by which the 
inferiority of an existing machine could be guantitatively 
measured against the relative superiority of a new potential 
replacement. In 195z, Dr. Aw A. Alcnain Promoted inPRame 
Report R-224 the use cf exponential curves to represent the 
kehavior of input variables, facilitating an analog Con. a. 
soluticn to the problem [kef-. 8:5 ppl "69-7550 

Subseguent writings have taken varied apvroaches to 
sOoiving the replacement guestion: probabilistic or deter- 
Ministic, continuous or discrete. Howard [Ref£. 9: Ep. 
58-59, 89-91], for example, devised a system of analysis 
termed tke “Policy-iteration Method" which structuzces ee. 
rroblem as a Markovian chain decision. Dougias himself use4 
Alchain'ts werk as a -asis for his examination of replacement 
timing ror profit Waximization in COMStruction  equlpmege 
operations. lie too used exponential eyuations to mcdel the 
forms varicus revenues and costs may take, but additionally 
allowed for the effects crm taxes, inflation and Variatwer. 
in interest rates [{Ref. 8: p. 75]. The rinal £Lorm OF mies 
computer-ktased model accepts aS Many aS seventy variables 


and utilizes thirty-three equations { Ref. 10: p. 17). 


C. REVIEW OF EMPIRICAL STUDIES 


To determine how eyuipment replacement theory has been 
applied to real-worid Situations, a literature search was 
conducted to determine how empirical studies have ap;yroached 


the investigation of the replacement question and what 
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mrpaings resulted. Highlights of several which jfertain 
Pememrically £0 the validity of criteria applied within DoD 
are ¢rovided below. hogiet ona ily % a General Accounting 
Office (GAC) reprort cn the replacement of General Services 
Administration (GSA) sedans 1S examined since similar 
criteria are used for these vehicies. 

The inclusion of these studies is thought to be beneZi- 
Cial in that it may heip to acyuaint the reader with the 
setting in which replacement decisions are made. PISO, -1t 
is instxzructive to consider the various findinys in that 
Signixicantiy different answers have been round tc essen- 
tially tke same question. No assessment is nade as to the 
Mememtimdadcy Of any particliiar approach or the validity cf any 
findings. However, comment will be made subsecuentily 
regarding conclusions which way be drawn by considering 


these studies aS a gricup. 
1. LDARCOM Study 


This study [Bef. 11], completed in 1979, was commis- 
sioned fry the Army's Development and- Readiness Command 
(DARCCK) specifically t 0 SSero vide an update of the 
DOD-sfecified age and mileage criteria for administrative 
use vehicles. Statistical techniyues of regression analysis 
were applied to Summary maintenance data irom major Army 
commands. Additionally, a special data collection eficrt 
covering six installations was used to collect some data 
items not included in the summary statistics. The data 
included direct labor man-hours, direct maintenance costs 
(direct dlakor and direct materials), vehicle shor days, 
Miles driven per vear and age in years. 

Scme general observations resulting from the data 
analyses were: 

a. The average number of maintenance man-hours and 


costs increase up to the seventh year, then remain ccnstant 
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or decline tnrouga the tenth year. The hypotheses rfosed to 
explain these constant or declining trends were that tney 
resulted from the application of the one-time repair expen- 
diture limits to oldér vehicles, or rrom dererring mainte- 
Nance on vehicles as they approached the time of their 
scheduied replacement. Since one objective of the study was 
to détermine new criteria, trepoval of any bias in the data 
caused cy applicaticn of the existiny criteria was deened 
necessary. This was accomplished by omitting the data for 
very Old vehicles, and extending the previous rising linear 
trend through the later years. This trend was considered to 
provide a Fetter estimator under changing policies for costs 
to operate clder vehicles. 

Another disccvery from the analysis of data ior 
maintenance concerned the effect of the intensity of usage 
during a period. It was determined that higher usage cver a 
year's time resulted in correspondinjly higher maintenance 
requirements. 

Ee It was reported that over at least the first 
nine years cf a vehicle's life, -.no significant increase in 
Shop days as age increased could be detected. Irrespective 
or the cbhservation tkat shop days seemed to remain statle 
the study cautioned that an increase as a vehicle ages 
remained a fossibility, cesulting in anmeed to ecstabliamm 
Service life lower than the estabiished economic lire. When 
establishing the economic lives of the ten types of vehicles 
for which adeguate data were available, no account was given 
in this study tc any penalty (opportunity cost etc.) “tee 
lost availability due to time in the shop. Should Gag 
increase in shop days in reality occur, the auinclusicn of 
such a fenalty charge based on increasing downtime would 
Crive the service life even lower. 

With the caution that the effects of the one-time 


repair expenditure lirit on yearly average lives cculd not 
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be predicted, new vehicle economic lives based on the study 
results were presented as shown in Table II . While the 
results were reported to provide a yood basis for fleet cost 
predicticn, they were not claimed to be a good individual 
vehicle cost predictcrs. 

The recommendation was made that an adoption of the 
extended vehicle lives snould be accompanied by an adcftior 
of a new method for calculating repair expenditure limits, 
also developed as part of the study. Since these limits 
would lead to the replacement of some vehicles before the 
expiraticn cf their ccmputed eéconomic lives, further study 
would re required to determine the eifect these limits woulc 


rave cn total fleet replacement policy. 


2. keidy and Schneider Study 


This 1974 master's thesis [Ref. 12] set out to 
examine the validity of the DOD age/mileage replacement 
criteria, focusing cn light sedans, station wagons and 
Peexup trucks. inewinittal tack takehnwwas to poll various 
commercial companies and governmental agencies to determine 
what frocedures, analyses, variables and factors they used 
to decide when tc replace a vehicle. Included were agencies 
of federal and local governnents, auto manufacturers, 
leasing and fleet management companies, utilities, Ceaxal 
cperatcrs and research organizations. 

It was found that age and miieage criteria were the 
ones most consistently used by the organizations polied, and 
the ones most frequently stated explicitly as the Lases for 
mmeleCadst a guaSi~formai policy. To varying degrees, 
replacement decisions were also found to have been intlu- 
enced by maintenance and operatiny costs, and by downtime 
and otfsclescence. Criteria based on these factors were 
generally nect spelied out in the form of a formal policy, 
tut were cnly subjectively applied as the decision-maker 


deemed appropriate tc the situation. 
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Age and mileage were iim conslgderations fOr 
leasing and fieet maragement organizations, but rere applied 
more in view of currercy of bedy styles or physical afpear- 
ance than in regard to Simply minimizing ownership and cper- 
ating costs. While a governmental agency would be ccncerned 
in minimizing costs, these organizations were influenced in 
their decisions ky a vehicie's continued ability to maintain 
consumer appeal and ofiset costs by generating frofits. 
Thus, the economic decision to replace was made at a foint 
sooner than if costs aione were considered. 

Two commercial activities, Eastern Air Lines’) and 
peli lLakcratories, were reported to have beer develcping 
scientific, computer-based decision models and infcrmation 
systems for vehicle management. PerOctomads Dalweme: th 


research for this thesis to determine the present Status of 


those systems round that the Operations Analysis 
Mmeoeications Group of Bell Labs, the group responsible for 
designing that company's systen, haS apparently beer: 


diskanded. Attempts to determine iz tne Bell Lans model was 
put to tse were unsuccessful. Congace Sy 1th tune = -oLr ice 
responsitle for grourd transportation repiacement at Eastern 
Air Lines indicated that no computer-based system is ncw in 
use (or for that matter, even known to exist). AS Seine 
fast, target ages icr replacement of various vehicle tyres 
are used as a rule of thumb. A decision to replace an indi- 
vidual vehicle sconer or later than the target age for that 
particular type is subjectively made, based gererally on 
that vehicle's ccnformance to cost norms. 

After finding the replacement criteria used bv 
commercial and other governmental agencies to be generally 
the same as, or no better than, those of the Air Force (thus 
COD as a whcle), Reidy and Schneider turned to the applica- 
tion cf regression analysis of historical vehicle data from 
two cf that agency's commands, to determine if tne fODd 


criteria were valid. 


Zl 


For the groups of vehicles examined, it was reperted 
that vehicle age was not a statistically significant 
predictcr icr cost per mile tc operate, or for direct lain 
Maintenarce manhcurs required. Further, there was no indi- 
cation that out-of-ccrmission rates or down-fior-parts rates 
increased significantly once a vehicle exceeced Six years of 
age. Scme statistical significance was said to have been 
found only in an increase in direct labor maintenance nman- 


hours fer vehicles driven in excess of 72,000 miles. 
3. GAO Study 


This 1975 study [Ref. 13] examined the 30+ year old 
GSA criteria specifying replacement of sedans upon reaching 
S1x years cit aye or €0,000 miles or usage. These criteria 
were applicable to tke 42,000 sedans in the GSA interagency 
motor pocl andy eb ercgulat ion to the 22,000 otner sedans 
cperated ky other federal civilian agencies. 

The study ccnsidered the costs of depreciaticn, 
preparation “(pen aoquisitiony, seliing (upon disposal), 
maintenance, repair and interest on Capitalization. Severai 
methods ci analysis were applied under varieus assumptuea. 
to evaluate replacement cycles of from one tO six years. 
The results showed that a one-year cycle provided the icwest 
annual cest option. This was beiieved to be the case 
kecause maintenance costs were tnought to be lowest during 
the first year of operation. Also, the larye depreciaticn 
in a vehicle's resale value normaily expected during the 
first year tends to te offset somewhat in the government's 
case by lower purchase prices resulting from Lulk cuys. 

In a summary cf previcus reports, it was noted that 
shortened replacement cycies of between one and four years 
had keen recommended by ten GSA or GAO studies ccnducted 
Since 1955, anecluding wou conducted durindmeiemiey 0 “s. Et 


is interesting to nete that while all agreed tnat the 


nT 


Siz-year cycle was too long, there apparently was no 
consensus aS to what the economic replacement cvcle srould 
be. Alse noteworthy is that whiie this 1979 GAO stud7 
concluded that a one-year cycle would be the most eccncn- 
ical, the second most economical choice would be a four-year 
cycle under most assumptions. Therefore, if tne vehicles 
were not replaced at the end of the first year, it would be 
most economical to then wait untii the end of the fcurth 


year for replacement. 


4. Erooks and Buien Study 


Pisce goo Masten s thesis [Ref. 149] was initiated to 
Seucy the validity of a then-proposed change in the applica- 
tion cf age and mileage criteria by the Departmert of the 
Air Fcrice. Previously, exceeding the maximum aye or tne 
Maximum gileage had signaled the point at which a vehicle 
was due to be replaced. The proposed change was for bcth 
criteria to ve exceeded before a replacement action couid be 
initiated. The study intended to determine if combinaticns 
of less than tne raximuns of both criteria could provide 
economic justificaticn for replacement decisions. 

Considering vehicle acquisition andi repair costs foc 
che major Air Force ccmmand, regression aralvsis was afriied 
fPemeaeter mine the poirt at which the average total cost or 
cwnershiy waS minimized, at whicn time a vehicle's economic 
life was considered to have been reached. This polit, as 
Setergined in the study, is shown in Table III for the six 
vehicle tyfes considered. In addition to determining 
economic iife based cn age or mileage, a regression equation 
was developed for each vehicle type. PieilualiG, DOth vVaLi— 
ables, this equation was intended to be used to determine 
the eccncmic replacement point for various combinations of 
those variatles. 
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ieee cu Bdotemes  thoesis (Ref. 15] sought tc to 
determine the econogic life cf Navy sedans uSing average 
depreciaticn, operating and paintenance costs Lreported by 
the Hertz Ccrporation and the Department of Transportaticn, 
adjusted to better reflect Navy experience. ipemre one Lu ded 
that average costs tc own and operate an automobile would 
decrease through the ¢1xth year of ownership. At that time, 
major maintenance wculd ke required to recondition the 
vehicle. Thereafter, average costs would continue to 
decline at least thrcugh the tenth year. 

From this, it was surmised that the sixth year oz 
cwhershir represented a logical point at which to evaluate 
the replacement decision. Ir the vehicle was in relatively 
good Shape with respect tc condition, safety and reli- 
ability, it should receive the majorc maintenance and be 
retained through the tenth year. If not, it should ce inue- 


diately replaced. 
6. Klungle Study 


Pitewisoo Mactenr*Ss thesis fRet. 7] waS Ghitiated to 
determine rota the economic life of the Navy's fleet of 
P@ekUE trucks and the proper criteria for one-time repair 
expense limitations. Tt was based on historical Navy and 
GSA data for acguisition costs, Maintenance expenses and 
downtime. "Truck Blue Book" values were used to estimate 
the expected loss of salvage value of a truck. Througn 
analysis, a rising linear trend with respect to age was 
found tc clesely apprcximate the expected maintenance costs 
through about seven years of operation. A rising linear 
trend with a high correlation was also found for downtime 


rates through at ieast twelve years. 


eS 


Eased on these trends, the economic iife of a pickup 
truck was determined under varying assumptions of expense 
rates (maintenance), Salvage values and interest on carital- 
Za 6 ei. The results for combinations of these assumpticns 
varied Léetween economic lives of one and nine years. Tae 
effect of salvage values was the most dramatic, changing the 
decisicn fpeint by as much aS seven years (a longer cycle 
keing associated with using a "no salvage" assumption versus 
"Truck Flue Book" salvage values). 

Under the ccmkEination of assumptions considered in 
the study as most likely to approximate the Navy's situation 
("no salvage" case, 5% discount rate, linearly risinj main- 
tenance expenses), a Seven-year replacement cycie was found 
to) Demme, ti iqur. Based on the data and calculations, the 
dirference between this cycle and tne specified six-year 
cycle represented an additional cost per vehicle of £7 fer 
year. Between cycles of from six to nine years, the widest 
difference resulted ir an additional cost of less than #10. 
This irdicated that decision-makers could have a relatively 
wide latitude in making the replacement decision without 


Significant economic conseguences. 
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III. SELECTION OF A REPLACEMENT MODEL FOR NAV 


fee UNFLUENCE OF EMPIRICAL STUDIES 


The preceding chapter highligated the approaches taker 
and conclusions reached in some previous studies of the 
replacement guestion. Several used Summary vehicle cost 
Med tO analyze tke validity of replacement criteria. 
Cthers inccrporated an effort to coilect detailed data fron 
various sources. With the exception orf the GAO study cf GSA 
sedans, they ail considered the Void its Or the 
DOD-sfrecified criteria, for exampie, replacement after six 
years of age or 72,000 miles of uSe for sedans and pickup 
meuCcKS. 

All studies reached some cconclusion reyarding the legit- 
ilmacy ot these criteria, cut there was iittle consistency 
among them. Some said the DOD criteria reguired replacement 
of vehicles too soon, others said too late, and still cthers 
Said the DOD criteria were arout right. SINGemetne Vali= 
ability cf the conclusions seem somewhat curious, closer 
exaMination of some yossibilities tnat may account for tne 


variaticns is necessary. 


1. Timing Differences Between Studies 


The studies used data from periods as early as the 
mid~1°60's, through periods as late as the latter~1970's. 
Pee such a range in time, variations in costs would, of 
COUrSE, Result e Erei ena SCOUTING Inrlationary trend. 
However it is toe relative variation in costs within a 
replacement model which determines the outcome of the 
replacement decision; the balance between the ccsts of 
cwnershir ard the ccsts of Operation which may not vary in 


Girect relation with cne anotuer. 
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Klungle reported that in the years 1961-19€9, the 
Furchase price of Navy pickup trucks vVaraed by only ia 
and even dropped in some years [Ref. 7: p. 1). This 
cccured irrespective cf an overall increase in the national 
consumer price index or about 10%. Reidy and Schneider 
reported that for Ghe Vemty cL Sangeeta cei- oe, Turing tae 
early 1970's, the purchase price of vehicles had increased 
70% over a period of several years while the wages of main- 
tenance mechanics had increased 143% [Ref. 12: p. 72]. The 
purpose in citing these observations is to illustrate that 
the econcmics of the model may or may not conform to 
economic conditions in general, and that they can vary 
Significantly within the model. 

Differences in timing may have come into play in 
leading the various studies to differinj conclusions 7a 
which any may have been valid for the tine. However, the 
fact that the replacement guestion will be iniluenced 
continually by varicus and changing factors should condemn 


the application sofes tative Crrrcrias 


Though DOD replacement criteria are specified for 
use Ey all service ccmponents, the services are given flexi- 
Eilityvy in eéstablishirg vehicie maintenance statfing levels 
and procedures. This has led, however, in some cases to 
Significant differences between the Services in the nanage- 
ment ef their vehicle fleets. A recent GAO report [Ref. 16: 
pp- 2-3] stated that one service's staffing methcds result 
in a fersonnel-to-vehicle ratio almost twice that resulting 
from the standards of another service. 

Differences such as this could have easily led to 
varying conclusions reing reached by the different studies. 
Due to the separability of the services' missions and 


requirements, no inference is drawn herein that they should 
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ke constrained to fcllow identical policies. HOWEVEL, a 
criticism may be apriied against the economic soundness of 
specifying service-wide criteria which ignore the variaticns 


which exist. 


Ss. Lifferences in Model Inputs and Form 


There was some variation within the studies 
regarding the tyres cf cost data corsidered in the analyses. 
Wheré one may have included administrative costs associated 
with vehicle procurements, another did not. Cne may have 
imputed some cost for downtime impact while another consid- 
ered only directly measurable costs. In many cases, ie€giti- 
mate costs way have keen ignored due to inaccessibility of 
data, c¢1ither because the data were not in a form which 
ailowed the costs tc be determined or they were not avail- 
able at all. By a study ignoring one or more of the data 
items influencing the replacement decision, a bias would 
have been introduced into the resuits of that study's anal- 
ysis, i1tsS magnitude dependizg cn the relative intluence of 
the iten. 

Another fossiktle cause of variation in the results 
of the studies would be differences in the form of the 
models used te determine the validity of the DOD criteria. 
An analysis of these differences is not made herein. 
However, it is worth noting that the studies were for the 
most fart Similar in that replacement decisions were related 
to determinations of long-run mMinidun average total costs. 

From this discussion of differences between findings 
in the previous studies, some conclusions may be drawn which 
should serve as guides tor any replacement model aprflied 
within tke Navy envirenment. 

The changing economics of the replacement issue 
reguires the dynamic applicaticn of a decision model; that 


is, it shculd be applied on a continuing basis so that 


29 


criteria may be updated whenever the balance between cper- 
ating costs and OwneIShip costs sShiits stonirticanr,. TO 
restrict replacement decisions to static criteria is to 
ignore the influences of an ever-changing world. Also, the 
criteria should not be forced to Serve asplicaticonseeen 
which they are inappicpriate. To apply them to too BrEGadmad 
envircnment is to igncre the unigue economics of the varicus 
Situations which may €xist. 

If the correct conclusions are to be drawn frei the 
model, the input data must include aliocosts which will 
influence the replacement decision. The literature is 


consistent in stating that input data must he accurate 


the right decision is to ke reachec. Failing to amelie. 
some cost for the impact of dcwntime, tor example, could 
have significant conseéguences. Tae services have set goals 


for dcwntime not to exceed 10%, and even at this ratea 
vehicle will be out of service for more than one month ina 
year. Consider tke mission impact when downtitze, as 
reported for an activity of one service, reached 33% during 
cne mcnth. 

At the outset of this research eifort, intentions 
had been to follow the same course as the previous studies. 
This approach would have seen large amounts of vehicle data 
assembled, to which regression and other technicues cf anal- 
ysis would have been applied. This effort would have led to 
tne determination of new replacement criteria which could 
have then been compared to the DOD standards. Two orstacles 
stood in the way of this approach. 

First, cost records at activity or higher leveéis are 
kept in neither tke detail necessary nor in the form 
required to have allosed this effort to be completed within 
the time availatle. Second, it became apparent as more 
insight inte the subtect was gained that any new criteria 
which may have teen determined would have been vaiid only 


for a particular moment in time. 
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If any one tkrroad criticism may be aimed at’ the 
cGutcceme cf studies which previously have developed nex age 
mmemileage criteria, it 1S that’ these criteria are only the 
Froduct cf the data availabklie at the time the studies were 
conducted. These revised criteria are as locxed in the past 
as are tke current DCI-specified criteria. Tne authers of 
the studies themselves frequently recognized this tc be so, 
and reccmmended that systems pe established whereby criteria 
would ccntinually be examined and updated. Where any one 
set cf criteria may have been valid in its time, its afpli- 
G@emwaty to the econcmics cf today or those of tomorrowis 
guesticnable. 

This is not to say that one set may not yet te 


mepme;Liate Lor use in today*s world, and another in temer- 


row's. It is certain, though, that all cannot legitimately 
coexist, so the guestion remains: Wnich can you rely ujon 
for the correct decision? The path to the answer leads to 


the né€cessity foc a replacement decision model which can be 


applied in adynamic environment. 


FEF. CCNSIDERATIONS ABD PROPOSAL FOR A MODEL 


Numerous literature sources exist today which deal in 
one form or another with the replacement question. Nanveno 5 
these exist within the fields of engineering economics and 
cperations research. The methods offered by tnese sources 
for structuring replacement decisions are frequently suite 
elaborate, some relyiny on the establishment of protability 
Phedicticns of ecuiruent cost Characteristics to guide the 
decisicn-maker. 

When in the face of existirg theory the selection of a 
practical model for Navy vehicle fleet manayers was consid- 
ered for this thesis, procedures based ona the use of contin- 


uous functions were believed to be impractical. While 
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possikly aprealing tkeoreticaliy, they were thought to be 
conceftually too complex to Le widely understood and asa 
result, would find little continuing practicam app aicati 
A modei wkich measures inputs and reports outputs in 
discrete forms would seem more appealing due to a promise of 
more ready acceptance. To the extent that a discrete model 
Satisfies those characteristics required to give a model 
credikility, it would therefore hold an advantage. 

Ancther choice regarding the form of a model iS whether 
it is prokabilistive ter “deterninistie With either, the 
guality cf the output will depend upon the yguality of the 
required input data available. AS discusseli subseguentiy, 
current availability cf data in the format necessary for the 
emplcyment of an ecorcmic mcdel is a probdien. Given that a 
deterministic model is otherwise valid, it would appears 
ke more aprropriate in this case since the data reguirenents 
or a frokabilistic mcdel would be more severe. In any case, 
probaktilistic elements could subsequently Le introduced into 
a deterministic model as necessary data pecame availatle. 

ines ao, George Terborgh, writing on behalf of the 
Machine and Ailied Froducts Institute, gave a detailed 
accounting c£ the equipment replacement prooplen. Ir has 
work, "Dynamic Eyuizpaent Policy" j[Ref. 17}, he employed a 
model Eased on the ccnversicn ef periodic costs into uniforn 
anhual eculvalents, cr pericdic average costs, to facilitate 
analyses and comparisons. AS structured by Terborgh, em 
model is f&cth deterministic and discrete in nature. The 
Frincifle upon which it is based, use of discounted cash 
flow methods to determine average annual costs, is well 
grounded in replacement theory; indeed, Terborgh's' work 
serves as a basis for much of the theory existing today. 

The function of the model is to compute time-adjusted 
averages for comkined ownership (Capital) costs and woyeuq. 


tion (operating and tfaintenance) costs. These averayes are 


Sy 


Gomputed for anv period by first finding tke present vaiue 
mma!) costs through that perioc. The second ster 1S to 
determine ar annuity amount (assuming annual periods) which, 
ai paid €ach period through the period in guestion, would 
yield a jyresent value egual to that caiculated using the 
peeual CcSsts. The use of averages smooths out the effects 
ct timing cn cash flows, and aliows the consequences of 
retaining a machine for varying periods to te more readily 
known. 

In ccmparison with other meéthodoiogies availabie, that 
employed by Terborgh seems well-suited to the Navy's needs 
Since it maintains the Simplicity necessary for fractical 
application, yet remains theoretically sound. The remainder 
cf this charter describes the structure of the methcdclogy 
in Terborgh'ts model, and discusses the nodel's suitability 
Within the context of the reguirements expected of a cred- 
ible model. 


meee SiHUCTURE OF THE MODEL 


Using hypothetical vehicle cost data, Tables IV, V, and 
Vi provide a "spreadsheet" format to demonstrate the methcd- 
SHogy etricoyed by Terborgh for converting actual periodic 
S@ste into f~eriodic {or annual) average costs. Table IV 
concerns itself with operating and maintenance-type ccsis, 
while Table V addresses ownersnip costs: acquisition 
eepital (in this examnrle a $10,000 purchase frice) and costs 
associated with maintaining that capital thereafter. Takle 
VI ccmbines the data from the previous two takles in 
acdressing total costs (Note: the tables contain scme 
werght crcunding Errors). 

iieadyee  1V,0 Ccelumn (Col) OM2 represents 1n current 
dollars the amount of the hypothetical operating and mainte- 


Nance ccsts incurred in each period. By multiplying a 
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Perpgoda’s ccse by its correlated present value factor (Col 
Ore), these costs are converted in Col O44 into present 
Peoe EQuUiVaients {all costs in “Period O" terms) reccn- 
Ciling cash flows frem different time periods with cne 
another. EvweumulatingqtneSe adjusted costs in Ccl O45, a 
present value fcr all cash flows through the overicd indi- 
cated is oktained. 

By then dividing these amounts by the annuity factors in 
Coi CM6, annual average costs in current dollars thrcugh the 
Varicus periods are determined as shown in Col OM?7. This 
means, for example, that the actual cash tlow amounts for 
Meertating abd Maintenance costs through Period / (#750; 
mmo) 6 £1,774 $2,003; £2,589; D2 ,c4 ? ang 59,4 12) > are 
equivalent to having incurred a uniform cost of f1,917 in 
meermect Feriods 1 threugh 7; that is, either cask flow will 
yield the same fresert value when discounted at the stated 
rate. Figure 3.1 graphs the average o,erating and nainte- 
Nance costs from Col OM? against the periods. ios “Graph 
shows the rising trend in operating and maintenance costs 
over time which was determined by several of the empirical 
studies and is descriked in much of the literature. 

In Takle V, a Sintilar methodology is employed to deter- 
Tine the average annual costs of ownership (capital and 
capital faintenance ccsts). Col CC2 lists the salvage value 
of the vehicle at the end cf a period. The difterence 
Fetween this value and that at the beginning of the feriod 
(value fcr previous feriod in Col CC2) represents the lcss 
of value during the feriod. This is a cost of ownership 
Since this loss is incurred by choosing to keep the vehicle 
for ancther period when it pay be sold for the ending 
Salvage value, as ofpfosed to selling it at the beginning of 
the period for the higher salvage value. Pie chOilme,. st 
represents the value “used up" during a period. Costs due 
to i0oss c£ value are shown in Col CC3. 
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Figure 3.1 Crerating and Maintenance Costs. 


Ccl CCH represents what in the private sector would be 
the interest cost fer continuing to utilize borrowed cCapijma 
to own the vehicie fcr another period (charged at a stated 
rate on the saivage value at the beginning of a feriod). 
Agencies of the government do not, oz course, finance the 
purchase of new vehicles through loans. Government funds 
are generated through tax receipts and the sale cf govern- 
ment securities, and are appropriated by the Congress tc the 
various federal agencies and components. in applying gee 
methcdolcgy within the Navy's environment, this cost may be 
considered to represent a cost of foregoing the opportunity 
for alternative uses to which these funds might Le piaced. 
A rate of 10% is used in this exanple for charging opportu- 
nitv cost and discounting as speciried for use by the Office 
cf Management and Budget. A suoseguent chapter cn sodcei 


inputs will address tke rate in more depth. 
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Ccl cC5, the sum of the previous two, represents the 
total cost cf£ ownership in each ;eriod. Cols CC6é thrown 
CC9 apply the same methodology used in the previous takie 
(in cCois CM3 through OM6) to convert peplodic Gcsts ie 
current dcllars to the annual averaye capital costs listed 
in Ccl CC10. These cests ate graphed in gues. ee 7 hess 
graph shows a trend which decreases over time at a 


Gecreasirg rate. 
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Figure 3.2 Capital (Ownership) Costs. 


In Table VI, periodic costs from the previous twe tables 
(Cols OMz and CC5) are summed into Coil TO2Z. This represents 
the tctal cost of ownership and operation in a period. Cols 
TO3 through T0O6 again employ the methodology necessary to 
convert the periodic costs inte averaje annual total costs, 
shown in Col TO7. Alternatively, Col TO7 could have Leen 


derived Ly simply summing Cols OM7 and CC10 for each period 
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Since trese cosumns are already converted into annual aver- 


ages for their respective cost components. In this hypo= 
thetical exampie, tctal average costs reach a tirimun ir 
Period 6 of $3,806. Figure 3.3 combines the previous two 


graphs and includes their sum, the total average cost curve 
which 1s a plot) Of S@giyye © @cects. This curve declines 
initially due to the influence of decreasing capital costs, 
then rises aS 1t 1S driven upward by the increasing costs of 
operation. The mininum point on this curve corresfonds to 
tne period in which average total costS are minirized 
{(Pericd 6). 

Feference to Col 107 in Table VI will provide some exan- 
Fles of the information available to the decisicn-mraker 
through use of the mcdel. First, the optimal service life 
of the vehicle in this example would be six years. That is, 
the period in which this vehicle should ve traded to opti- 
mize costs is the period in which average annual total costs 
are minimized (given that it couid be replaced’ ther witha 
vehicle nce more costly to own and operate, and that a more 
econc@ical vehicle is not available sooner). Also, the 
table shows that retaining this vehicle through eight years, 
for example, wouid ccst an average of $69 ($3,875 - $3,306) 
per year cf ownership more than 1f it had been replaced at 
the fpeint cf 1ts optinal service ivte: 

It may be noted that the present value annuity factor 
used herein assumes that all costS are incurred at the end 
or a period. This is merely a convention employed to reduce 
the ccmplexity of the model. Other factors could be used to 
compute average costs as though pericdic costs were incurred 
at the smiddie of the period (or any other time, for twa 
matter). however, it is doubkttul that the use any cther 
conventicn would significantly 1lmprove the results of the 
modei given the degree of accuracy with which some in;ut 


costs (such as salvage values) could be determined. 
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Figure 3.3 Total Capital, Operating and Maintenance Ccsts. 
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The mathematics EFehind the model are shown for infcrma- 
tion in Figure 329: This figure presents the equation for 


the determination of average total costs. 


Ds SUITABLIITY OF Theeeee 


Before the model's legitimacy as an aidto infcrmed 
decision-making can ke established, an examination is neces- 
Sary to determine its validity within the context of the 
elements reguired of any gocd model. 

Cne financial afaiysis guide provides the follcwing 


defLiniticn ci a wodel 


A medel is a Simplified representation of a real-world 
phencmencn. It 1s an aksStraction or generalizZationge-: 
reality. In finance, a model is almost always mathemat- 
ical and, therefore, specifies the relationsnips anon 
set of variabies in the hope of describing or explaining 
the system being studied.... | 
eee-Proper use of a model will permit isolation of the 
variatles deserving the most attention. Additional 
if the model is PE! Sea informatior can be 
ehnerated that will lead o more effective decisiors. 
Ref. 183 pe. 281] 


A model by this definition is then a tneans to visualize 
Some real-life situation in a simplified way that leads to 
Fetter understanding of its ccuplexities. This descrikes 
what is herein being sought in answer to tke vehicle 
replacement guestion: a means by which relevant facts an@d 
data can be assembled to portray the reality of tke situ- 
ation in an eaSily examined form. NecesSary for the suit- 
ability of a mcdel are at Least the fclicwime 
characteristics which determine its relative desireability 
and usefulness: 

*  ‘Ouadiey: A model should first of ali present an 
accurate representaticn of the real-world Situaticn under 
Sten. It should be capable ci capturing at feast the meee 


Significant aspects of the system or process and facilitate 
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their guantification in a directly compatable form “tomer 
extent they are commensurable. In short, it should solve 
the right problen. 

The cbjective of tae Terborgh wmodel is to convert the 
Opposing trends of decreasing ownership costs and increasing 
opveraticn ccests to terms that facilitate Comprenension ana 
allow ccmparison; in this case, average annual ccsts. 
Conceding that this is a valid means of comparison as justi- 
fied by its appearance in literature addressing economic 
analyses, particubariy those considering the vehicle 
replacement question (for example see [Ref. 10: Pp. oa oR 
Ref. 19: pp. 16-17, Ref. 20: pp. 70-74, and Keil 
pp. JB-1-3B-2] ), ieetects thas veri terse 

An additional element of legitimacy is provided this 
nethodclegy (or variations of it) in that it has found eeeaee 
tical application in real life by fleet manayers ir munic- 
ipal government agencies. Accounting for this may be the 
fact that as opposed to more complex approaches taken to the 
problem in operations research oriented literature, this 
method way be more e€asiiy understood at a practical level 
and thus stand more chance of being received in fractice. 
Actually, it is cnly a structured format which empleo 7s tains 
ciples, such as discounted cash flow, with which Tagg 
Wanagers are already familiar. If the nodel is otherwise 
theoretically tenable, strong weight should be afforded its 
potential £Lor actual applicatiom and use: 

* Simplicity: Though this reyuirement 1S seemingly at 
cdds with the one frevious, a usable model cannot’ te so 
complex as to become cbscure. Its purpose, after all, is to 
reduce a complex set of circumstances to manageable terms. 
If it attem;ts to capture too many features of the systen, 
it becomes cumbersome and of dubious value. Understanding 
of the system should not be clouded by the inclusicn of 


varlarlés whicn are ci little relevance. 
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If it is conceded that the metnodology being considered 
herein presents the economics of the replacement questicn in 
a logical and comprehensible way, S@etotactr1on Of this 
requirement then beccmes a management issue of deciding what 
@eees tC incitude and in hew puch detail to include then. 
Since incrut data are received and results are reported in 
dollar terms, consideration must be given as to how to 
accomncdate legitimate, though hidden of intangitle 
expenses. 

mer eXample, an activity's mission wili suffer and an 
impact cost will be incurred if due to a vehicie being in 
the shcpr, the performance of some mission is delayed. 
Obviously the quantification of this cost is no simgfle 
undertaking, but it is genuine and Should somehow tLe imruted 
into the model. The allccation of indirect Maintenance 
costs which vary with direct costs presents no less ofa 
Challenge. Pence nIindiemanalysSis, sSsimplizication of the 
model reduces for the most part to a consideraticn or the 
form and detail of tlre input ccsts. 

See eX ibility: A model should ve structured sucn taat 
its various features may be included as separate pieces or 
the whole. This allcws the behavior of various variables to 
ke examined and facilitates observation of the effects on 
the cutccme resulting from tne aiteration of any particular 
variatle. Within tke context of this model, this criterion 
mS aS wtuch as anything a matter of physical structure and 
fhermat. 

The tables previcusly used to demonstrate the structure 
of the mcdel utilize a spreadsheet format. Tits hOr na tetas 
Opposed to perhaps presenting the model in the form or an 
equaticn) ailows the user to see input data, intermediate 
calculations and output resuits ina consolidated refort. 
During successive iterations of solving the model, various 


input data could be altered and the resulting variaticns 
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couid re observed as the solution process progressed. Ts 
desired, inputs such as operating and maintenance costs 
could be crceken down into jreater detail to snow trends in 
the varicus input components. Througa such manipulaticiaa. 
fiexikle model would ke produced that wouid still allow the 
user to cbserve the methodology in progress. 

* Pata Availabe. The right answer Lased on the 
wrong input data is cf no more value than the wrong answer 
from the right data. If the correct data 15 not directa. 
immediately available, the efforts to obtain it rust be 
justified ky the ultimate use to which it will be (jae 
Previous discussion addressed the problem of data avail- 
adit). A subseguent chapter wiil incluce a consideration 
of hew this prcblem promises to be reduced through. the 
introduction of new technology into the Navy's transporta- 


tion management envircnment. 
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TVeypAPPLYENG HODEL IN THEORY AND PRACTICE 


The mechanics cf the froposed nodel having been 


explained, consideration is turned toward ways in which it 


meee tind application. This chapter first looks at how 
Terborgh originally envisioned its theoretical use, then 
examines scme uses it has found in practice. The chapter 


SemG@l}UdES with a consideration of how theory and practice 


interact in implementing the model. 


A. TEEORETICAL APPLICATION OF THE MODEL 


Tertorgh used the model as a means to address’ the 
problem cf eyulipment replacement, which he described asa 
Challenge Eéetween an existing machine termed a "derender", 
and the best potential replacement machine called a "chai- 
Menger." In his "Dyramic Equipment Policy" [Ref. 17], he 
develcred a procedure whereby a machine incumbent in a job 
defended its position under economic examination against the 
Challenge of the potential replacement. TE suceesstul,; the 
incumktent remained in service. If not, it would be replaced 
by the challenger. The premise of this procedure 1s that 
economic decisions tc replace or retain should be based ona 
compariscn Letween the minimum average total costs cf the 
Challenger tachine and the existing defender. 

Iwo conditions are implicit in using this procedure for 
analysis and replacement decisions. They are: 1) average 
cwhnershir costs wili decline in successive periods since 
Mion ifitial acquisition costs are spread over a tlcnger 
period of time, and 2) operating and maintenance costs will 
rise cver time resulting in successively higher averages ior 


these costs. The result 1s that average total costs for a 
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Machine initially decline owing to the spread of acguisition 
costs, ther are driven up, by rising operation costs as was 
shown graphically in Fiyure 3.3. 

Tertorgh used tte theoretical Dinimum of average totai 
costs aS a means by which replacement decisions cculd be 
made. Assuming that minimum average total costs can be 
determined for both a defender machine and its challenger, 
the comparison between these two costs will determine 
whether to replace the defender or allow it to remain in 
SELViIce. If the defender's nbinimum average is lower, it is 
econcnically better tc retain it. If the challenger's is 
lower, the defense by the incumbent machine was unsuccessful 
and it should be rerlaced since on the average, the cnal- 
lenger will cost less to own and operate. 

In applying the procedure to mocel the replacement sues- 
tion, Tertorgh relied upon two assumptions to rationalize 
and facilitate the decision process. First, future Gia 
lenjgers are assumed tc have the same g@inimunz average total 
costs as the presently availakie challencer. This assump- 
tion takes into account the fact that a decision to reflace 
cr net te replace an existing machine at some point in tine 
will affect in a particular way the cnain of successive 
replacenents in the future. Ii a machine is replaced hew, 
future replacements will fellow one pattern. Tf i tye 
replaced after one cr more periods, anew challenger nav 
have by then come into being which would head a different 
successicn cf future replacements. 

Clearly, all future challengers wiil not exhibiteere 
Same Minimuna average costs, Lut the assumption that they 
will is necessary to reduce the model to manageable terms in 
the aksence of perfect knowledge of the future. This 
assumrticn gives some acknowledgement to Preinreich's theory 
of the immediate decision beiny influenced by future deci- 


sions, and also reduces the immediate decision to replace or 
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not tc replace to a comparison between the Minimum averages 
or only the defender and the present chailienger. 

The seccnd assumfgtion Terrcrgnh found necessary concerns 
mies patternb if which a machine accumulates operating and 
waintenance costs aS it ayes, given that they rise at scme 
rate over time. Terborgh assumed that a defender tachine 
would accurulate excess operating and maintenance costs 
relative to the best available replacement at any foint in 
time at a constant rate over its lizetine. He considered 
these excess costs to represent a machinets "cperating 
inferiority" as compared to the lower costS which would be 
experienced by that replacement. This constant rate of 
accurmulaticn could be defined by a rising linear trend which 
Terktcrgh termed the "inferiority gradient." 

Scme studies have concluded that a constant rate of 
increase for operating and maintenance costs is, in fact, a 
reasonable assumrtion, at least when averages for several 
vehicles of the same type are considered [Ref. 7: EP. 
Zo—26 }- Griemoneesuciweds husseia {[ Ref. 22: ps 899-941], 
concede that though a constant rate is a poor descriftor for 
the actual situation, it is used by default since it 1s as 
gooGg aS anything else available. In any event, it would 
appear that Terborgh may have made this assumption icr two 
reasons: as a matter of expediency to alicw formulas and 
Shortcrts tc replace the tedium of the calculations required 
to develop the tables shown in the previous chapter, and to 
provide some forecast of the Lehavior of future costs. Ina 
Meeer WOrk fRef. 23; p. 16) Terborgh expanded his original 
feonmulas tc include two additicnal patterns of operating and 
Meaantenance cost accunulaticn (rising at an increasing rate 
and rising at a decreasing rate), giving acknowledgement to 


the restriction his assumption placed on use of the model. 
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E. PRACTICAL APPLICATIONS SOE Ta wuepE 


AS mentioned previously, a major factor favoring consid- 
eraticn cf this model for use by tke Wavy is that it has 
found its way into practical applications; again,” -eetae 
because cf its simplicity and an avility to be understocd Dy 
tleet nanaye¢rs. Examples cf several of these apnlications 
are included in an International City Management Association 
"Management Informaticn Service Report" [Ref. 24], and will 
ke sukseguently Summarized. Whidie not employed in a way 
leading to challenger-defender analyses, the annual average 
costs provided by the aodel are used to guide managers 
toward meré economically sound decisions. 

The Center for local Technology, at Oxlahona State 
University, has developed twe forms for use in computing 
average annual total costs [Ref. 24: pp. 3-7). One 1S Weer 
to reccrd ovrerating and maintenance expenses, and the cther 
Frovides a structured format within which those ccsts and 
periodic salvage values are used to determine average annual 
costs. The format is Similar to that shown in the tables 
used to demonstrate the structure of Terborgh'ts nodel. 
However, it includes a proportioning factor whica adjusts 
costs when a vehicle's actual mileage varies from a target 
per-fericd average tmrileasge. Discounting of cash tliowememe 
not empicyed; rather, cumulative costs tnrough a fericd are 
divided by the number of périods to obtain a simple arith- 
metic average. 

By mcnitoring thé average costs period-by-period, the 
fleet manager will see when average costs begin to rise 
(optimal service life has been passed), signaling that it is 
time to replace the vehicle in guestion. This application 
has an ckhvious disadvantaye in that replacement is signaled 
chnly after average ccsts have pejun to increase fron the 


Minimum, and therefcre optimal, average. 
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This prceblem may Le accommodated py calcuiating a value 
which represents a target operation cost for the upcoming 
period. This procedure is based on the aSsumption that the 
average total cost curve takes on a "U" shape (See Figure 
3.3) due to a declining then rising trend. After any period 
through which average total costs have continued to decline, 
a cost may te calculated for the subseyuent period which, if 
not exceeded, will result in average costs through that 
pericd egualiny those through the immediate period. As long 
as next period costs can be anticipated to be below this 
limit, the average costs wili continue the declining trend. 
Since this would indicate that the period of minitium average 
cost has yet to ke reached, the vehicle should be retained. 

Through the use cf a Series of nomograms, tie’ Cl ey ol 
Ciearwater, Florida, employs this methodology in managing 
its fleet {[Ref. 24: pp. 5-7]. The nomograms are kLasé€d on 
Similar cnes develored by the Local sSovernment Operational 
Research Unit, of Great Britain. With them, next-period 
cost limits reportedly may re determined with relative ease. 
A separate nomogram haS been produced for each ci several 
classes cf vehicles, aclass being determined by similar 
patterns of depreciation. Theugh based on vehicle classes, 
this method is intended to answer the guestion of when to 
replace an individual vehicle. 

Similar nomograms have been applied by over 300 lecal 
authorities in Great Eritain with resultant Savings reported 
to equal 10% of overall expenditures on vehicle purchase, 
repair and maintenance costs. Several limitations associ- 
ated with the application of this methodology however must 
ke rememtkered: 

e Use of a vehicle must be approximately the same 
throughout its life. 

e The replacement vehicle must exhibit a similar 
pattern cf costs threughout its life. 
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e The average ccst curve must rollow the form assumed 
(once average total costs dDéegin to increase they will 
continue, to do. aoe 

e Costs for tké upcoming jperiod must be capable of 
being forecasted with reasonabkie accuracy. 

AS opposed to concentrating on individual vehicle 
replacements, the city of Little Rock, Arkansas, useS a 
groug approach to manage vehicie replacements in its fleet 
[Ref. 243 preeyietige This precedure requires the pericd of 
Binimum average total costs to be determined using averaged 
costs for vehicles of similar expense and usage characteris-~ 
tics, rather than usiny individual vehicle costs. Thais 
information is used by management to determine icw tmany 
vehicles of a certain class within a fleet to schedule for 
replacement. For example, if there are thirty vehicles ina 
class which have (as a group) Optimal lives ot five years, 
six vehicles (1/5 of 20) are programmed for replacement each 
year. 

This wethod of aprrlication-has provided Little Rcck with 
the Eenefit of being abie to stabilize the number of vehi- 
Cles which must be budgeted for replacement each year. The 
city uses life expectancy tables published by the American 
Public Werks Association to determine the replacement period 
cof the varicus vehicle classes. However, local costs couled 
€asily be ccnverted to average periodic costs to determine 
optimal re}lacement cycles based on the city's actual 


CONG btilcns. 


C. A CCMPUTERIZED AFFROACH 


Tc comkine the management assistance provided by the 
model with the convenience of data processing technology, a 
series cf five comjvter programs have been developed by 


Publ yee - Technology, ine. (PTI), of Washington, Tat. eee 


mene eLOLit public interest organization. Using methcdcicgy 
very Similar to that employed Fv Terboryh, they are designed 
to calculate minimum average total costs for classes of 
vehicles based on MJlocal cost experience {Fkef. 24: Pps 
fia 13 i. Named aS a group the Vehicle Replacement Package, 
these programs guide tanagers to replace vehicles during the 
pericd in which average costS are minimized (point cf 
Optimal service life). mre jrdacxace additionally can iden- 
tify vehicles for farticular management attention whicn 
Gheur costs that differ from the class average, and wili 
calculate subsequent period expense linits. 

PTI's Executive Summary of this pacxage describes the 
functions of each jrogram, and provides samples of the 
Management reports generated. It is reproduced in Appendix 
A. Tata fcr use with the ovacxkage may come from any reccrd 
source. However, PTI also orfers a computerized information 
system, the Ecuipment Management information System, which 
may Ere used to maintain detailed, electronically retrievatle 
vehicle history recores. 

The ability to arrly the model via the electronic mediun 
Mee Of course increase its flexibility and accessibility. 
However, aS with the manual methods previously discussed, 
its validity will be restricted to the following conditions: 

e The vehicles wili be used in the sare manner over 
their lifetimes. 

° the replacement vehicles Will experience costs 
Similar te those repiaced. 

e Oferating anaq maintenance costs will rise over tine 
and average total costs, once they pegin to increase, will 


Senmtinue tc do sc. 


es 


De. INTERACTION OF TEEFORY AND FRACTICE 


The purpose of the model is to develop the replacement 
decision as an econcmic decision. The economic life of a 
vehicle may then be generally thought of as the period 
during which it is mere cost-effective to keep it than to 
replace it. A consideration cf just how that period may be 
defined wili aid in visualizing how the theory and practice 
interact in implementation of the model. 

Feterson [Ref. 253; pp. 366-367] proposes four defini- 
tions within the context of which the concept of economic 
life can be interpreted. Following 1s a discussion of the 
applicability of each to the inplementation of the average 


cost wtedel. 


The eccnonic life of a . 
time over which it has 
Gost. 


iclej...i1s that perilogmer 


- 
its lowest uniform eyuivalent 


This is the theory behind the approach to using the 
model emplcyed by the Public Technology, Inc., Vehicle 
Replacement Package, and the similar, manually apfrflied 
vehicle replacement systems. The object of this approacn 1s 
to deterbine for a vehicle or class of vehicles the cpftiral 
service life; this Feing the period through which periodic 
average costs are minimized. In using this approach ie. 
optimize vehicle oferations it is assumed that replacement 
vehicles will be essentially identical to those replaced and 
will experience similar costs. This of course does not mean 
that a vehicle must re replaced by such. It means that this 
application takes no account of the possibility that a mone 
economical vehicle, cr challenger, may be availakle sconer 
than the computed service EES. This restricts’ the 
econcnics of the guestion to those which are internal tc the 
system, or are generated solely ty the costs of the venicle 


or class being examined. 
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mane ecencmic life is that ee of time which wiii 
terminate when a new...[vehicie]...promises a lower 
equivalent annual cost than the cost or keeping the cid 
meepvebicle|..-for an additional year or more. 


This mere closely aescriktes the basis of Terboryh's 
applicaticn in his use of the model to structure challenyer- 
defender colparisons. Obviously, one would not expect to 
replace a 1976 vehicle in 1984 with a new 1976 aeceadel. 
Indeed, such a vehicle would nct even exist. To then ap;lv 
the mcdel tc derive crtimal service iives only as determined 
by internal economics is to ignore the advantages Ercucht 
about Ey advances in technology over time as reflected in 
lower relative costs. External economies therefore may also 
influence the replacement decision. 

mesccron aceccinted fOr tnis in defining his ccncert of 
cperating inferiority as the result or two components 
[Ref. 173 pe 61]. The first, deterioration, is internally 
generateaq through the decline in a vehicle's operating 
performance as ccmpared with itself at an earlier age. This 
would te reflected in the increase in operating, maintenance 
and dcwntime impact costs theorized to occur as_ a vehicle 
ages. 

The seccnd component of operating inferiority, oktsoles- 
cence, is externally generated. It represents the excess 
costs a new edition cf£ a detender vehicle would experience 
in cC&parison with these experienced by the best challenger. 
A cost such as this would accumulate, for example, as new 
vehicles are designed for increaSingly better fuel econrony. 
It 1s pcssitle that a hignly advanced challenger could cause 
a derender to become obsolete before it has reached its 
optimal service life. 

Thererore, the concept of economic lifetime may be 
extended Leyoud only a simple calculation of the best time 


momberlace a vehicle to Minimize its costs. It then becomes 


aS 


a consideration of when to replace as influenced by its own 
cost experience and the cost experiences of better 


challengers 


The econcmic life anes 
eiapse betore a ei ve 
ancther aéa result Or 


that _reriod of time whicn will 
nee lames Will be displaced by 
ut 


a ULe analysis. 

The implication cf this definition is that regardless of 
a defender's present age, its economic lite begins with the 
present and continues cnly until it can no longer defend its 
position against available challengers. This brings figeme 
particular point regarding the computation of a defender's 
average periodic costs; tieat is, that they shculd be 
computed without regard to the costs which have been previ- 
ously incurred. 

That this is so isa reflection of past costs Siem 
sunk, and having no €conomic intluence on costs which wili 
ke incurred in tne future. Therefore, the defender side of 
the chailenge becomes an issue of the economics of retaining 
the existing vehicle for a time beginning with the immediate 
period. In computing average periodic costs for _ the 
defender, the current salvage value is used as the acqguisi- 
tion value and pericdic costs from the present onward are 
input into the model as if they will be incurred beginning 
an the first period. 

This may be visualized ty considering a situaticn where 
the defender is first sold for its salvage vaiue. The chal— 
lenge is then a comparison of the choice between purchasing 
a cnallenger or buying back the defender for the same price 
as sold. This concertually places the two alternatives on 


the same comparative casis. [{ Ref. 21; p. 38-38} 


The eccncmic life is that period of time absorbed Ey the 
intended service before the ...[vehicle]J... 1s degraded 
tc ancther service, or liguidated. 
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Mucmelat ter se "GONnsSiGeraticn in this decinition, liguida- 
LO , concerns conditions where an asset will cnly ode 
mealired fOr a finite period, after which it will have no 
further use. For all intents and purposes, the reguirements 
for vehicles within the Navy may be considered to continue 
indefinitely, and replacement decisions need Net ee 
concerned with this situation. 

The consideraticn of a degraded service assignment 
defines the concept cf economic life as a function cf a 
vehicle's assignment within the organization. This is 
reflected in the ccncepts of jprilary versus seccndary 
memracement [Ref. 17: pp. 24-25]. The rtormer would refer to 
the procurement of anew vehicle which can economically 
replace an existing one in the same job. This is the 
meaning ci replacement which to now has been used in this 
thesis. The latter refers to an asset being replaced fron 
Maenin the crganizaticn because it can no longer perform its 
function as econcmically as another. it is usually degraded 
to an assignment oft less demanding service. 

An ckvious example of this occurance within the Navy 
regards the operatior of vehicles in security patrol assign- 
ments. in compariscn with a sedan assigned to an activity 
commander, for instance, security vehicies can be exgfected 
to reach their optimal service iife much sooner since the 
yntensity of use May cause salvage values to decline and 
operaticn costs to rise at accelerated rates. Once they 
have keen “run into tke ground", they are frequently chan- 
nelled into a lower mileaye asSignment, being displaced Ly a 
newer vekicle. 

Such usage serves to complicate the use of the replace- 
ment model to detergine oftimai service lives in that it 
results in cost patterns significantly different from the 
Sor nm". It is possitie that vehicles with simiiar, though 


abnortnal, Pates OL wsage coulc be grouped together and 


De 


modeled as aclass tc accommodate this problem. However, if 
the mcdel were to be usec for repiacement decisions and 1i 
it was found to be mcre economical to replace rather than 
displace thcse vehicles. The acguisition system would need 
to be fiexible enough to allow this to be done. 

Current DOD poiicy as inplemented in practice nas not 
Frovided this reguisite fiexibiiity. Fuzding for replace 
ment of underage (though over-mileage) vehicles is 
freguentiy not forthccminy, perhaps because the econcnics of 
one alternative as offosei to the other cannot now be déenon- 
strated to funding sfonsors. Dollar amounts required fer 
vehicle icr new acguisition funding are relatively conspic- 
uouS if Ccmparison with operating and maintenance funds 
reguirements for an individual venicle within an existing 
fleet. Cest conscicus managers understardabiy will tend to 
deter funding of replacement assets and decide in favcr of 
continuing to operate and maintain existing, though older, 
assets if the econozic consequences of such action are not 
apparent. An immediate application possibility for the 
replacement model is therefore suggested by such situations. 

Functional displacements cf vehicles within the fieet 
are ccmmcn occurances since they can be so easily acccn- 
plished. Few “switching costs" will be attendant to such a 
shuffling of assignments except wnen attached gear (radics, 
tool koxes, etc.) must be removed and reinstalled. Good 
Hanagerent then requires a method by which the proklem can 
econonically be accommodated. Appendix B discusses one such 
method. Developed internally within NAVFACENGCOM, it serves 
to minimize vehicle operation costs by helping managers fut 
higa cost vehicles isto low mileaje assignments, and vice 


vertsda. 
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V. INPUT DATA: REQUIREMENTS AND AVAILABILITY 

imiecaleculdting averaje total costs, certain infcrnation 
1s reguired cy the mcdel. Input data wili consist cf the 
costs of venicle ownership and oferation. Although some of 
these ccsts are common to any application of this tyre, 
whether within the ;,;ublic cr private sectors, cthers are 
uniguée due to the nature of the vehicle replacement preblen 
from the Navy's fersfective. 

Freviously, it was noted that the literature addressing 
vehicle cr other eguipment repiacement is consistent in 
Stating that accurate input into a repiacement model is 
hecessary tc produce valid conclusions. in Proiter Of cae 
importance given to data accuracy, this chapter is devoted 
to a discussion of the input freguirements for a rodel 
applied to the Navy é€nvironment and the present availability 
Samthat data. 


A. INPUT DATA REQUIRED 


The £f£cllcwing discussion addresses the types of cost data 


which would be necessary for sgodel implementation. 
1. Capital Costs 


e Acguisiticn: The bulk ort this cost will be the 
purchase price of a new vehicle, to which administrative and 
cther costs incurred as a result of the vehicle's frocure- 
ment should be added. Examples of these additional costs 
are costs incurred [ry the rrocurement organization as a 
result cf the procurement action, costs of acceptance 
inspecticns, transpcrtation costs to the ultimate destina- 


tion and costs tc prepare a vehicle for service 


aio 


(installaticn of tocl boxes or Security Ligne LOE 
example). In snort, the total acquisition value consists of 
all costs which would not otherwise be incurred if a 
purchase action was net undertaxen. 

Discussed previously was the need to keep a replace- 
ment model simple in crder to keep it manageaple. A consid- 
eraticn of how to allocate the costs of a purchase 
organizaticn to cne particular action presents an example. 
how the twodel can easily become complicated. However, to 
ignore such costs is to introduce into the model a bias in 
favor of replacement rather than retention. This provides 
an exarple of a situation where, should the costs te of 
sufficient magnitude to affect the outcome significantly, a 
Manager may be forced into making a Simplifying assumption 
to facilitate manageability of a model (such aS procurement 
costs perhays representing a percentage of the purchase 
Price}. 

e Salvage Value: Iwo caseS may be considered 
regardinc the determination of salvage values. One is 
essentially a "no-salvage" approach whereby initial acguisi- 
tion costs are simply apportioned over the total fericd o = 
cwhershiy; the longer the total period considered the 
smaller the apporticnment necessary per period for capital 
LeCOVELy. 

In some respects, this in general represents the 
Navy's situation due to the disposal system under whica it 
operates. When a disposal action is taken against a 
vehicle, itis transferred to a Defense Property Disfosal 
Cffice salvage yard where it may be screened in crder of 
precedence Ly other [CD activities, other Federal agencies, 
State agencies, and service/feducational organizations (such 
as the Boy Scouts of America). If desired by any one of 
these organizations, the vehicle is then retransferred to it 


at no cost. If none desire to reguisition it, it is solid at 
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mip lic auction. Frequently, those venicles passed over 
during tke screening process and eventually sold are ina 
Gendition whiche will justaiy a price egual only to its scrap 
value [Ref. 26]. Regardless of whether a vehicle is trans- 
ferred tc another agency or sold at auction, the Navy 
receives nce remuneration (no Salvage) from the disposal 
aecicn. 

The result cfi uSing @ no-salvage approach in 
accounting for capital costs inthe replacement model is 
that average capital costs will be much greater than those 
pmoduced by “real life" salvage values, particularly during 
€arlier reriods. This 1s the case since under a no-salvage 
asSumpticn, the entire value of the asset 1S absorbed in the 
periods through which average costs are being calculated, 
regardless cf how few periods are considered (if ccmputing 
average costs for one period, for exampie, the entire value 
of the vehicle is charged to loss of value for that cne 
period). Mathematically, this gives the impression that an 
asset “derpreciates" much more rapidly than it does in 
reality, causing the average total cost pattern to reacn 
Dinimum at a point later than it otherwise would tLased on 
actual trends. Use of this approach would mean that Navy 
funds managers would tend to favor continued retention of a 
vehicle rather than replacement. 

An alternative way to view the salvage question is 
to assign to a vehicle a salvaye value equal to the price 
for which it could be sold on the open market given its age 
oma Genditiome ih a particular period. Publications sucna as 
Meo Reliy Blue Book" or the "N.A.D.A. Official Used Car 
Guide" wculd provide guidance for determining these values 
in the cases of sedans and trucks. While the prices 
Frovided by these puklicaticns reflect features attributabie 
to market conditions (relative desireability of a particular 


body style, for instance) which are not directly appfiicakie 
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to the Navy's needs, they also reflect a venicle*s ability 
to command higher resale values resulting from higher fuel 
economy cr lower maintenance requirements reiative to ctner 
years and models. In this frespect, market-determinred 
selvage values theoretically more closely reflect the 
retained value of a vehicle as time goes by. while the 
no-Salvage appreach is more indicative of the financial 
aspects cf. the replacement decision, the imputed salvage 
vaiue rproach is a better indicator of the eccnonic 
aspects. 

The choice of how to account for salvage is net ar 
insignilticant consideration. In Klungle's examination of 
the rerlacezent policies for Navy pickup trucks, tke choice 
caused tke determination of optimal service lives to vary 
from as few as three to aS many as seven years depending or 
tne chceice of the cther variables in the model (licnger 
replacement cycles tkreiny associated with the no-salvage 
case) [Ref. 7: pp. 50-53]. 

Action is fresently underway to revise disposal 
policies to allow Puklic Works Centers (PC's) to sell used 
vehicles on the open market and apply tne proceeds to 
purchases of replacement assets (tnis peing a retiecticn of 
the Lusiness orientation of Navy Industrial fund activities 
such aS PWC*"s). Here, the market value salvage cas¢ 1s 
directiggegarpiicagole, Applying that case in modeling the 
economics of PWC venicle refpiacements and then applying the 
no-salvage case elsewhere could result ina wide disparity 
in the ages of vehicles available to PWC-served activities 
versus activities served by in-house Iu Dake works 
departments. 

e iInterest/liscount Rate: DOD guidance prescrilkes 
the use of a discount rate of 10% in performing economic 
ahalyses to reflect the premise that publig@anvestiene. 


should explicitly consider the alternative use of funds they 
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[mace Greabsorb [ kef. 27: Encl (1), p. 6-7}. The USE O24 
a discount rate aisc snowS a preference for the timing of 
cash flows, those téing received earlier in the feriod of 
analysis being weighted more heavily than those received 
dater. 

A discussion cf the guestion of whether or not this 
is indeed tke prceper rate to use is -eyond the scope of this 
WOrk. However, it can be noted that use of an incorrect 
rate may not significantiy affect the outcome or the 
replacement model. Kiesling [Ref. 15: ~. 37], for example, 
found that variations of at least five percent will te 
g@m@signicicant, and Klungle [{Ref. 7: p. 52], concluded that a 
Similar variation changed only slightly the determinaticn of 
the oftimal service life for pickup trucks. The actual 
impact cf the disccunt rate will depend onthe relative 
Magnitude cf ownership and operation costs; reiatively 
higher cwhership costS cCausiny the minimum average totai 


Se5t tO cccur ih a mcre distant period. 
2. Operating and 


It is within this category that costs which resuit 


from Operating a vehicle (fuel, oil, lubricants, etc.) are 


mime urred. HiLSO , Maintenance, repairs, and other costs 
necessary to Support those operations are included. In 
applying the model, 1t 1S necessary to include only costs 


wnich vary over time or with the choice of a particuiar 
vehicle. Costs which do not change with these variatles, 
which are essentially fixed, are not relevant to the deci- 
sions which are based on the use of the model. 


The differences in costs which occur over time are 


due to deterioration, which is chargeable to a vehicle in 
Somparison with its “earlier self." Differences due to 
choice are refiected in obsolescence, Chargeable to a 
vehicle aS compared to a more economicai replacement. A 
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difference in costs which would be ‘fixed for ore ocr beth of 
the alternatives in a challenger-defrender analysis, Fut at 
different levels, is also relevant. An exauwple of such a 
cost would Le special tools which would be reguired to mrain- 
tain a pctential challengers =~ [Ref. 28: pameaZ 

In calcuiating the optimal service lite of "a5¢ancws. 
ular vehicle, only deterioration (the amount each fericd by 
which a vehicle becomes inferior to a new replica of itself) 
is applicable. The cbjective of the service life calcula- 
tion is to determine when decreasing costs of ownership are 
offset by increasing costs of operation. Terborgh used the 
convention when determining the service lire of challéenscer 
vehicles cf setting the value orf his inferiority gradient 
(essertially, a measure of operation costs) to zero for the 
first reriod since a vehicle is not inferior to itseifi when 
new. Subsequent periods were then incremented to reflect 
the areunt by which cperating and maintenance would increase 
with age [Ref. 173 pp. 76-77]. In the case of a challenger- 
defender ccmparison, the defender vehicie must ke charged 
With Ecth deterioration and obsolescence costs to reflect 
the amcunts by which it is interior to the potentiai 
replacement. 

In the practical application of the replacement 
model for decision-making, the separation of fixed costs 
from varying costs is actually not a necessity,” Sinpiity ee 
the processes of determining values for input data. This is 
true since even theugh only varying costs influence the 
decisicns based on the model, the inclusion o£ fixed costs 
will not cause those decisicns to change. 

To illustrate this, Table VII manipulates the hyfo- 
theticai data used te develop the tables in Chapter III. 
Other than values for operating and maintenance costs which 
are shown in fTabie VII, all other adnout data ~Temewe 


unchanged. The first two columns in the table repeat the 
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Original values for tke operating and maintenance ccsts and 
the arnual average total costs. The second two colurns 
parallel the first two Except §tnhat, for ~tilustration, 
memeorgi'Ss; CONVention Of Setting first period costs to zero 
has reen emrloyed (each period decremented by the amount of 
first rericd costs). The third and fourth of the twe-cciunn 
sets are Similar to the previous two except that values o£ 3 
5,000 and €¢ 15,000 have freer added respectively in each 
pericd tc represent two possible levels of fixed operating 
and maintenance costs. 

Notice that in every case, the decisions which would 
result fren applying the replacement model would be the 
same. The optimal service life is in ail cases six years. 
The average cost per year of retaining a vehicle for ten 
years, for example rather than replacing it at the six year 
point (difference between average total costs of sixth and 
tenth years in each case) is always 51384. The result of 
adding fixed operating and maintenance costs 1S merely that 
-the tctal average annual costsS in each period are increased 
consistently by that amount. 

How does this simplify the practical application of 
fMmeemcdel? Considering for instance the ruel costs ci cper- 
ating a vehicle, deterioraticn would be represented [y an 
increase in these expenses (assuming constant usaye and fuel 
prices) as a vehicle aged and the engine became wore ineffi- 
cient. Obsolescence would be reflected by the Savings in 
fuel expenses which could result from operating a challenger 
designed for increased fuel economy relative to the tne csuel 
consumption of the existing vehicle. Due to the fact that 
the nonvarving compcnent of fuel expenses (reflected in 
heither deterioration nor obsolescence) will not airfect the 
final decision if included in tne model, the model user is 
spared the chore of separating it out from those comfonents 


which rerresent deterioraticn and obsolescence. 
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Ancther considerdatick with respect to operating and 
Hamntenance COStsS iS how to accommodate capital additicns or 
improvements. An example of a capital addition could Le the 
installaticn of a retrofit air conditioner ina sedan, given 
Miateeeat would enot Ete removed prior to disposal and its 
installation increases the value of the asset. Major cver- 
hauls such as engine replacements (a candital improvement), 
unlike "“rcutine" maintenance and repairs which tend tore 


toward preserving a vehicle at approximately its fpresent 


PS 


Genaition, return Limon a Seprevious (more valuable) 
fonda ticn. 
Costs or Gai Gayl additions/improvements are 


addressed at this farticular point since they may be 
included within the acdel as if they were normal costs of a 
vehicle's crperation. Thouyh they could be included asa 
Eapital cost, it is conceptuaily perhaps more logical to 
group them aS an operation cost since they probably will be 
incurred in the same facilities and by the same personnel as 
routine maintenance and repairs. Also, including them as if 
they were operating ard maintenance costs will simplify the 
process of maintaining cost records necessary to pfrevide 
iiout data. 

Within the replacement model, the difference Eeétween 
computing capital addition/irprovement costS as cafital 
Seets Of aS Operating and maintenance costs is that the 
former case will result in average periodic capital costs 
will decline at a Slcwer rate while in the latter, average 
periodic operating and maintenance costs will rise at a mere 
rapid rate. Either way, there is no difference in the 
Values ccmputed for average total costs. The choice as to 
how capital addition and improvement costs are categorized 
within the model then is nct cf any computational signifi- 
cance. What 1S of importance 1S that salvage values must be 


adjusted by the amounts by which they are increased asa 
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result of the additicn O© improvement, and this will) ateee. 


the final ccmputation of average total costs. 


3. LCowntime 


Some studies have approacned tne problem of downtime 
from the converse perspective, choosing rather to determine 
effectiveness (the tite a vehicle is "up"). Erfectiveness 
has keen defined as having elements of availability and 
reliability; availability being the probability an eguijment 
asset will te availakle for a mission when needed, and reli- 
ability reing the prcbability it will complete a mission 
once kegun. [{Ref. 29: pp. 11-13 and Ref. 30: pp. 82-84} 

As discussed in a previous chapter, the data 
requirements for a) probabilistic wapeseaen to vehicle 
replacement would be ucre rigorous than a deterministic one. 
Given that data in the detail necessary for develcyment o= 
availarility and reliability estimates of vehicle types may 
not ke practically available, costs associated with vehicle 
downtime are then best related to availability [Ref. 10: p. 
9}. By determining the time in which a vehicle is unavail- 
able fcr use (in the shop for repairs), a penalty Cana 
assessed against it as a cost of operatioa. 

This penalty cost should be in dollar terms to 
provide ccmmensurabdlity with other model inputs. It can be 
the rental cost of another vehicle to replace the vehicle 
that is down or if a rental replacement is not feasifle, it 
Should be a function cf the cost of impact on the activity's 
fission from the vehicle not being able to carry out the 
purpcese for which it is intended. These impact costs 
reflect time lost by yersonnel who would nave had a need for 
the vehicle and costs resulting from the personnel net Lreing 
capaltle cf carrying cut the tasks tor which the vehicle was 
needed. Little thought concerning this subject is needed to 


visualize situations in which iapact costs could be incurred 
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Gm almost infinite combinations due to “ripple effects". 
Deterwinirg the value of these costs would cbviously bea 
highly sukjective exercise. 

However, to ignore these costs in the replacement 
decision is tantamount to denying their existence alto- 
gether, and they are as legitimate to the economics cf the 
replacement model as are the direct labor costs of mainte- 
Nance mechanics. However, they are so difficult to deter- 
Mine that they are frequently "assumed away", resuititg in 
an unjustified bias teing introduced into the model tcward 
retention. 

Since the mcdel deals exciusively in terms of 
dollars, it reguires that a dollar value be assigned to take 
downtime costs into account, whether determined by the costs 
of a replacement vehicle, as a proportion of repair costs as 
Suggested by Russell [Ref. 22: p. 903], or as an amount 
directly related to tne degradation of an activity's ability 
to carry out its mission. 

It may be asked of those who would object to an 
accounting for these costs because the subjectivity of the 
Situation can easily lead to an incorrect determination, 
Will the inclusion of no costs be any less incorrect? It is 
reasonatle to believe that neither wili reflect the true 
value of impact costs experienced by the activity, but the 
resoluticn cf this problem rests not on whether or nct to 
include these costs, but on the degree to wnich they can be 
accurately assessed. 

The illustration of the conversion of periodic costs 
1nto average costs in Chapter III did not, for the sake of 
Simplicity, include dcwntime costs. Introducing them wouid 
ke simply a matter cf adding them to the model in the Same 
fashion as the operating and maintenance costs. 

The analyses of vehicle operation histories led 


Pererlein to the Conclusion that downtime rates would not 
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vary with a vehicle's age [Ref. 11:  p. 20] (though he 
Cauticned that an increase could occur). Klungle's data led 
to an opposing conclusion; that a definite increase occurred 
for Navy pickup trucks at an almost constant rate as tkey 
age [Ref. 7: p. 26-30]. Though supporting data were not 
included, cther literature scurces aljidressing the sukject 
which were examined during the research of this thesis were 
all kEut unanimous froponents of the increasing trend. 
Teferring tc the preronderance of opinions supporting the 
increasing trend, the influence of costs resulting from 
downtine impact must be considered since they will affect 


the model ina way Similar to that caused by deterioraticr. 


4. Disrosal Costs 


Just as costs incurred aS a result of a vehicle's 
acguisition are valid to the replacement model, so, too, are 
costs which occur when that vehicle must be disposed. 
Examples weculd include administrative and transportation 
Expenses, and costs to prepare ait for disposal (remove 
radios, security vehicle lights, etc.). 

Should Public Works Centers eventually be allowed to 
sell used vehicles on the open market, attention would need 
to be given to how best to present the vehicles fer sale. 
Higher prices may te paid for vehicles which have bean 
"fixed ur", but managers must evaluate cost trade-cffs to 
ascertain that Strecial preparation expenses will be returned 


in the form of a sufficiently higner price. 


Se PEOQUUCTIVICY Goats 


It may Fe neted that throuynout this thesis the 
implication has been that the vehicles to which the reflace- 
ment model wili be aygelied can be compared only with respect 
to costs; that there is no input component which acccunts 


fon benefits received as a result of) produceava 
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differences between two vehicles. Particularly with respect 
tO administrative use vehicles (cars, pickup trucks, Lussées, 
etc.) none is required since the product of their operation 
(transportation of jfersonnel and material) will be essen- 
tially ecuivalent regardless or the choice or age of the 
vehicle. Therefore, consideration need only be given to 
differences in costs between two alternatives necessary to 
obtain these equivalent products. 

Scme CESE assets, however, are of such a nature that 
a difference is discernable between various choices in both 
costs and output. Equipment within this category would 
include such assets as construction and weight handiing 
eguiprent. The replacement model is capable of keing 
extended to cover this situation. This could be accon- 
plished Ey making some accounting for productivity ckscles- 
cence in the form of a charge to operating costs. Lt would 
reguire a value to be oa the improved production which could 
be gained from a potential replacement, and appiying it asa 
penalty cost against the existiny defender. Increased 
Froductivity cannot ordinarily be measured in reverue terms 
within the Navy's environment as it may in the commerciai 
Woe d . However, its influence nevertheless is valid tc the 
replacement guestion; its effect being somewhat Similar to 
obtaining an equivalent level of productivity at a lower 


COST. 


Be EXISTING DATA BASE 


New that the input reyuirements for the model have been 
identified, the composition and structure of the data base 
which presently exists for Navy vehicles will be undertaken. 

A registraticn nugrber, generaily referred to as a "USN" 
number, 1S asSigned and affixed to €ach vehicle at the tine 


Sie lts acquisition Fy the Navy to establish and maintain 
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permanent and positive identification of that vehicle during 
its lifetime. Additionally, an individual eguipnent histcry 
record file is established for each vehicle and is required 
to be maintained in a complete and up-to-date status Ey the 
vehicle hclder from the time the venicle is acguired until 
it is transferred for disposal or excess. History reccrd 
files accomgany vehicles transferred frou one activity to 
another and contain as a minimum the following: (1) orig 
inal receipt documents, which normally include the acquisi- 
tion ccst and contract number under which the vehicle was 
proeured mez) technical identification and specificamaen 
data; (3) Shop Repair Orders (SRO's) covering alli inspec- 
tion, maintenance, and repair items accomplished to date; 
(4) accident reports; and (5) other appropriate documenta- 
tion considered necessar}; for further reference purgoses, 
such aS warranty work and unsatisfactory eguipment rejforts 
[REELs 53° p. 1717 

The SRO 1s utilized to authorize, control, and accounm: 
for lakor and material expenditures for each instance of 
Maintenance, repair, modernization, aiteration, or improve- 
ment cf an item cf eguipment. EXaMination of the iniermas 
tion recorded oon each SRO provides a manager with the 
ability to determine the dates the vehicle entered ana left 
the shop, compute the amount of time the vehicle spent in 
the shor (downtime), identify what type of work was 
performed (maintenance, repair, or other), identity the 
costs of that work as segregated by labor and material 
charges, and note the accumulated mileage incurred by tne 
vehicle at the time of work percrormance. Although time 
anformation 1s available from the individual SkO's, the 
structure of current management information systems employea 
does not allow the extraction of data in the reyuired fcrmat 
(annual faintenance and repair costs, fuel costs, and accu= 


mulated mileage for each year of the vehiclets life) 


necessary fcr tne ccuofutation of the average annual cost 
reguired to be utilized by the model. 

Vehicles are generaliy either assignec to azgprcepriated 
fund activities who ferform in-house Maintenance and repairs 
mor that activity, crto centralized Public Works Centers, 
Mewy Guaustrial fund activities that rulfill transportation 
reguirements and perform vehicular maintenance and refairs 
Oh a reimkurseable tasis fer the appropriated fund activi- 
ties in their vicinity. Each has itS own manayement infor- 
mation system as discussed below to satisfy its respective 


needs. 


1. Fublic Works Lepartg@ents 


=a a a — Pen -S wep = Sa a Sa oe -e 


Fublic Works DepartmentS provide in-nouse tmainte- 
Nance and repair services for vehicles assigned against 
Their activity's allcwance. The formal iniorimation syster 
Utilized by transportation managers is comprised o£ the 
NAVCOMPT Form 2168, Cperating Budget/Expense Report and the 
NAVCCMET Form 2169, Fertormance Statement. These rerorts 
are fprocuced monthly by the Standard activity accounting 
ewetem utilizing the SRO costing data and records of fuel 
issues, andare provided by the activity ComrptrolleryFiscal 
wrricer. 

the Operating Budget/Expense Report provides accrued 
expenses, accumulated for the year to date by Equipmert Cost 
eae {(=CC), Cerloursaryate Numerzcal code utilized by 
NAVFACENGCOM to distinctly differentiate types of eguirment 
My Lunction and capakility: i.e. ECC 0313 describes a two 
wheel drive 1/2 ton fickup truck whereas ECC 0516 descrites 
a four wheei drive tyz ton pickup trucx), and summarized bv 
kudget cost account line iten. The Performance Statement 
provides actual fiscal year to date totals for accrued 
expenses for each cost account line item and the percentage 


of ats budget amount. Although cumulative costs for each 
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vear are available by ECC, the level o£ Qetail reguired for 
use in the proposed model is by individual USN numtere3 
vehicle. 

Extensive manipulation of the maintenance and repair 
costing data contained in the SkO's would be  Gequipecee 
crder tec provide cumulative costs for each year of e€aca 
Vehiele  S iiter Additionaily, determinations of nileaye 
accumulated per year Ly each venicle are difficult te accu- 
rately access sclely from SRO data due to the relative 
infreguency One maintenance and repair requirements. 
Although accurate crrrent year mileage information cy USN 
number mav be extracted from the fuel issue records, activi- 
ties normally only retain the current backup data used as 
input tc that year's activity accounting systen. Upon 
commencezent or a new year, the source data is discarded, 
and only the activity accounting System output is retained 


aS a permanent record of expenses. 


2. Public Werks Centers 


Fublic Works Centers, jue to their nature as Navy 
industrial Fund activities operating in 4 SuSiressoaee 
envircnment where ccsts and revenue must be continually 
wonitcred, have estaklished a highly computerized management 
system. The information and procedures necessary to perform 
the functiors of this management system are published ain 
five volumes of a NAVFACENGCOM publication, one of which 


addresses transportation management [Ref. 31}. This area is 


further divided Lom, LO us subsystems: TLanspecrtatyer 
Mainterance Production, ipaAnspomtat ron Maintenance, 
Transportation Operations, and Transportation COs 
RepoLtinge 


The basis fer vehicle maintenance and repair cost 
data is again individual SRO's, with fuel consumption also 


input into the system Utilizing a combination of 
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estakliskted amonthly reports, all of the data elements 


meguircred for the proposed model are accumulated and 
presented cy the periods morth-to-date, @ianter—-to-date, 
current year-to-date, and inception-to-date. Although 


detailed by USN number, the system does not have the ability 
to retain the data as accumulated for each year of a vehi- 
cle's agé. Once a current year elapses, a new current 
year's file is established. The inception-to-date file is 


Mmemeoniy record of fast costs incurred that currently is 


C 


kept. Cests for each year of a vehicle's life could & 


bt, 


maintained ty retaining a hard copy or eiectronic record o 
the required reports at year end, but this has not histori- 
cally keen acconuplished and therefore, Suichecdtda (dreanoe 


presently avaiiatie. 
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VI. NAVY APPLICATIONS OF THE MODEL 

In previous chapters, a model considered to be sSuitakle 
for practical application within the Navy fas "Seensi¢de 
fied and descrited. Theoretical and actual applications 
have been discussed, and consideration in some detail has 
rFeen given to the input required to exercise the model rrof- 
eriy. This chapter addresses specific applications in which 
it is thought the model can be used within the Navy's 


vehicle management environment. 


A. FLEET WIDE REPLACEMENT POLICY 


Cné apparent use cf the model 1S aS a means to determine 
the oftifai service lives of various vehicle types within 
the Navy's fleet. The result o£ such an application would 
ke an updating of the age criterion used to signal the time 
for a vehicle's replacement. 

That, of course, was the objective orf the empirical 
studies discussed in an earlier chapter. In order ier 
service lives to be redetermined, the steps followed in 
several cf those studies would be retraced using current 
coSt Gata. in general, the procedure would be as follows; 

2 Cost data fcr the required model inputs, for 
whichever vehicie tyre is being considered, would have to be 
collected centrally. A sufficiently wide sampling woula be 
required to prevent any bias due to regional influences fron 
keing intreduced. 

3 The data would be combined to determine the mean 
pericdic costs of that vehicle type Navy wide. Particular 
attention in this regard would be necessary to accurately 


portray cperating and maintenance costs for older vehicles. 
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It is Widely held that operation costs will continue to 
increase under normal conditions and signal a definite 
replacement point. Taree reasons are given to explain why 
Some DOD data (the previously cited DARCOM study, TOs 
example) have occasicnallvy indicated otherwise: C1} as a 
vehicle gets older and more costiy to operate, tas 
frequently relegated to a lower-use assignment where it will 
have fewer opportunities to accumuiate costs; {2) ecne-tine 
Beparr limits artificially hold down repair costs for cider 
vehicles and (3) required Maintenance as ae vehicle 
approaches its replacement aye is Simply deferred indefi- 
Tce ly. CiewGAO be-crt "e1ced the results when one service, 
faced with extreme Jlimitaticns on vehicle procurement 
founding, liberally waived the one-time repair tlimits. 
Maintenance and repair costs rose dramatically, in Some 
cases exceeding the ;rice of a new vehicle. 

Phe FOSSLbility of other than a continually rising trend 
would therefore appear to result from replacement policies 
rather than the true e€conomics of the replacement guesticn. 
The effects of these folicies snould be exorcised before the 
input of operation ccsts into the model if the correct deci- 
Sions are tc be derived therefron. The DARCOM study accon- 
pPlisned for this by determining a reyression equation using 
the cost data from ¢arlier years which derined operation 
costs as a function cf time. By uSing this equation, a 
continually rising trend was extended through the later 
years which was believed to represent the form costs would 
take if not constrained by external policies. This seems to 
ke a reasonable approach to the problem, and would appear to 
ke a way in which "mean" values for Navy operation cost data 
could Le determined fcr uSe with the modei. A similar tech- 
nlyue would be necessary to accurately reflect dcwntine, 
which would also be influenced by management policies (for 


instance, an older vehicle in a low-use assignment would 


di) 


have less chance to "go down" than if Subjected tc nornral 
use). 

‘ Cnce fleet-wide mean costs have beer determined, 
revised cptimal service lives could be determined for Navy 
vehicles which would be based on more current Gest 
experiences. 

The use of mean costs to determine replacement ages dces 
have a drawkack. Although it will result in the determina- 
tion of a fleet wide average service lite for a particular 
venicle type, management of individual vehicles will not be 
optimized ty adherence to this averaye life with ne regaré 
for unigue conditions. Navy wide cost experiences are 
influenced Ey wide ranges cf geograpnic and climatic ervi- 
ronments, local wage conditions and maintenance procedures, 
and mission reguirements. Inherent differences betreen tro 
separate vehicles alse influence costs sienuireanee Use 
of a fleet-wide average life to replace individual vehicies 
Will result in some teing replaced prior to their optinal 
lives, and some later. 

In San Francisco, Califcrnia, for example, vehiclesmar 
subjected to a coastal environment; hilly terrain; anc 
heavy, Stop aud) go tratrne. Wage rates for the area are 
extremely high relative to many parts of the country. 
Obviously the costs of a vehicle's operation in San 
Francisco should have no influence on individual vehicle 
replacement decisions at an activity located in a gore rural 
setting, where vehicles oferate on flat roads and in less 
intense traffic, and wage rates for maintenance méchanics 
may be much lower. 

It must be conceded, however, that mean value taryets Go 
have their place. The Navy centrally manayes the procure- 


ment of all CESE assets. In Fiscatmecar 763, the Navy's 
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kudget submission for automotive vehicles amounted to scme 


25 Wail baeenwror, 1478ze various equipment items. Tne con 
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kudgeting system is such that it required estimates for this 
submissicn to begin years earlier. 

When considering the reguirement to forecast and pregiran 
vehicle replacements on a scale of this fagnitude, aot 
kecomes apparent that practicality forces the use of mean 
values to introduce manageability into the systen. Wee ett 
this context, the replacement model may be usec to deter- 
Mine, based on the economics existing in the recent fast, 
the averaye number of vehicles in the fleet which will reach 
their optimal service lives at various times in the future. 
fae «this informaticn, programmers may kecome Letter 
eguipred for forecasting procurement numbers for upccming 


years. 


B. INDIVIDUAL VEHICLE REPLACEMENTS 


The application to which the model seems most adapftalle 
and in which it is believed to offer the most tangitle 
kenefits, though, is at the field level; in the hands of the 
activity transportaticn manager. Regardless of the policies 
established and acticns taken at NAVFACENGCOM and cther 
headguarters levels, it is his actions which will ultimately 
determine the success of the Navy in managing its transpcr- 
tation assets, meeting mission requirements while optimizing 
the economics of vehicle ownership and operation. Mean 
values for Navy-wide cost data used to determine fleet 
service lives are, in the final analySis, very much a func- 
tion cf how well each individual asset has been managed. 

The model's value aS an activity-level manager's tool 
would not merely be restricted to aiding replacement Ceci- 
SwonS . Since it structures in a comprehensible form the 
results cf all acticns which influence the costs of owning 
and oferating a vehicle (or group of vehicles), it reflects 


the effects of all management policies. AS much value as it 
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may have in making chcices in the present or in fcerecasting 
the future, more may be found in its ability to show the 
reai eccnomic outcome of the past. By having at™ “thems 
disposal a teans to view the product of past policies, fleet 
Managers cah be better equipped to know how to direct foli- 
cies of the future. 

For an example, return to the problem cited ir afr. 
€ariier chapter of hcew to manage Security vehicles, usage of 
which far exceeds that of vehicles in most assignments. The 
DOD mileage criterion (72,000 for sedans and light trucks) 
may be exceeded withir just a few years, yet activities are 
frequently faced with sponsors who rely mostly on the age 
criterion (six years) to signal replacement eligibility. As 
a result, activities must retain vehicles throughout their 
full chrcnological lives as determined by the age critericn, 
even tkough the vehicle may be driven many more miles than 
the mileage criterion regquifres. The question then arises: 
would it be more cost effective to place a new vehicie in 
the high mileage assignment initially then later, when it 
may be mcre prone to reguire maintenance actions, relegate 
1t toa lower mileage asSignment; or would it ke more 
economical to follow an opposite course and provide in high- 
Mileage asSignments a vehicle which is older, but in 3@ge 
Condi] tion 7 By being able, through use of the medel, to 
examine the effects cf having followed aifferent alteria- 
tives in the past, better decisions regarding guesticns such 
as these can be made in the future. 

The case for suggesting, at this time, the use cé the 
model as an activity-level tool is enhanced by a fortuitous 
circumstance of timing. Appendix C describes Project F®STy 
the ccmputerized management system presently being inmple- 
mented for activity public works departments. with the 
transportation managerzent software module, technoiogy needed 


to electronically stcre and retrieve the cost cata necessary 
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to effect the model's use in a dynamic setting wiil scon pe 
put into place at many activities. The software necessary 
to interface with the existing system and assemdSle the data 
in the form necessary for the todel could possikility be 
included as an extenSion to tnis initiative. 

For the activity-level transportation manager, the zodel 
could previde the following benefits. 

e The results of all management actions which affect 
costs could be structured in an understandable and ccmfa- 
rable forn. 

e Oftimal service lives could be forecasted for tke 
future, at ieast as accurately as cost estimates will allcw, 
and could ke determined in retrospect to see if proper deci- 
Sions have teen made in the past. 

e Expense targets for upcoming periods could ke caicu- 
lated. Management's assessments of the possibility of 
meeting a target, expressed aS a range above and below, 
would be shown aS an Economic conseguence. 

e Cost trade-offs between continued retention or cider 
vehicles and procurement of new ones could te demonstrated 
to the TEMC's. 
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A. SUMMARY 


in Chapters. J Of MithitS eenec1S, the reguirement fcr an 


alternative to the currently-specified DOD vehicle rerlace- 


ment criteria was identified. Chapter II discussed the 
origin of these 20+ year old criteria, and looked brict faa 
the developwent of equipment replacement theory. oa 


nis 
Chapter also highlighted several empirical studies that 
guestion the validity of the DCD criteria. 

In Chapter III, the results of those studies were used 


to estarlish a case against the application of any Cris 


7; 
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which remain unchanged, regardless of changes which nay 
cccur over time in the economics of the replacement deci- 
SLO ies A case was also made against applying identicai 
criteria service wide, with no accounting ‘for variaticns 
between the services. An econcmic Model was then identified 
and f~ropesed as a means to structure the replacemert deci- 
Sioh in dynamic @prac tical applica cron. 

Chapter IV examined uses for the modei vdroposed in 
theory, and uses to which it has actually been placed in 
Practieal va po wicarie m=. Chapter V described the input data 
which would be required for the model to be used to guide 
Navy vehicle replacerent decisions, and the current avail- 
Dab ey Cte cl eee 

In Chapter VI, the model was suggested as an aid for 
vehicle replacement frogramming due to its ability to deter- 
Mine Optimal replacement cycles. Also suggested, on 
conjunction with the Project BEST computerized transrorta- 
tion management system, was its use aS a tool to assist 
activity venicle fieet managers in achieving the cost eftfec- 


tive maragenzent of individual vehicles. 
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fee CCNCLUSIONS AND RECOMMENDATIONS 


This thesis has nct conciuded that replacement decisions 
kased cn age are inappropriate in and of themselves. 
Indeed, it has fropcsed a model for structuring replacenent 
decisions based cn tke erfects of various expenses a vehicle 
Will incur as it ages. What it has concluded is that incor- 
rect decisions will result from the application cf age 
Criteria which give ne account to the changing economics of 
the replacement decision, CMmeEVILen dO Note account Lor ail 
mreluencing costs. The proposed model was selected because 
it was tkeoretically sound, yet simple enough to lend itsel‘é 
to both fleet wide replacement programming and the nanage- 
ment of individual vehicles. Applied in a dynamic setting, 
it wili result in criteria which will change as appropriate 
to the ever-evolving e€conomics of the replacement guestion. 

This thesis also presents the opinion that a method of 
Managing the replacement of individual vehicles at the 
activity level, which the model facilitates, promises to 
provide a more cost effective basis on which to _ nake 
replacement decisions. OieeeaecivIitles are given the capa- 
Meee y tc Structure vehicle cost data in a way which facili- 
tates examination and comparison, information regarding the 
economic conseguences of management decisions and policies 
Welt ke available. Presentation of that information to 
TEMC*s and cognizant CPNAV sponsors will help convey to tien 
the eccncHzic impact of replacement versus retention 
decisicns. 

The current sturkling block to immediate implementation 
or this precess is the format of the avaiiable cost data. 
An essential key to the successful use of this model is the 
MeeWwrate Lecording ck coSt data on an individual vehicle 
basis for €ach year cf life. Because it may not be possitle 


Hone activitles to ELE€COver past Costs for input into the 
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model, use of the mredel may hold more promise for struc- 
turing the replacement decisions of the future than ‘for 
those of the present. The integration of the replacement 
model with the electronic record keeping capabilities of 
Project EESTI promises to provide a viabie meats by which the 


model may re implemented. 
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PUBLIC TECHNOLOGY, INCORPORATED VEHICLE REPLACEMENT PACKAGE 
Introduction 


The purchase of a new municipal vehicle by a department is a highly visible 
expenditure usually involving a budgetary appropriation by the city council. The 
department's expenditures to operate and maintain its existing vehicle fleet are 
less visible, if not invisible, being part of its day-to-day operating expenses. 

A council that seeks value for its money should regard both kinds of expenditures 
as equally important for both contribute to the total cost of the vehicle fleet. 
Action to reduce one kind of expenditure, often leads to an increase in the other. 
Deferring a purchase for too long can lead to increases in operating and mainte- 
nance costs just as attempts to reduce these costs by premature purchases can 
lead to high procurement costs. 

What is needed is an accurate and easily understood method for indicating 
when a vehicle should be replaced. This method will show, ona regular basis, 
whether replacement or retention is recommended, what cost penalties the city 
will incur if it retains a vehicle that ought to be replaced or replaces a vehicle that 
ought to have been retained. The first of the above requirements allows the line 
official, say the Director of Public Works, to make a concrete recommendation. 
The second allows the council to decide whether it can justify a capital expenditure 


in the current budget. 
What is the Problem? 


Each year at budget time, vehicle fleet managers review their need for new 


vehicles and find they must decide, for each of their vehicles, whether to: 


e buy a new vehicle of similar capability to replace it, orto 


@e make do with the old vehicle for another year. 
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To come to a reasoned decision an administrator must have a means of comparing 
the cost he will incur by keeping the vehicle another year to the cost of buying 
a new vehicle and operating it for the same period of time. His basic comparison 
is between two future costs. He wants to take the course of action that will 
minimize his future costs. The vehicle replacement model will help him 
determine his course of action. 
Vehicle replacement decisions are based on a shift in vehicle-ownership 
costs with the passage of time. Inthe early years of ownership, these costs 
are dominated by the declining resale value of the vehicle. In later years, this 


decline levels off and is obscured by rising operating and maintenance costs. 


What is a Vehicle Replacement Model? 


It is a systematic method for: 


e Recording relevant past costs due to operation, maintenance and decline 
in market value of vehicles 
@e Estimating typical costs of keeping and of replacing each vehicle 


e Comparing vehicle performance against norms to detect exceptions. 
What Does the Model Do? 


e It uses vehicle information grouped in functional vehicle classes 

e It summarizes past costs into patterns to give economic lifetimes 
for each class of vehicle 

* For a specified vehicle, it calculates 


ee its anticipated economic lifetime compared to that of the average 
vehicle in its class 


ee its maximum repair limit-- the amount of money it is worth 
spending on a one-time repair when the resale value of the 


unrepaired vehicle is known 


e It provides the decision-maker with information needed to set and 


administer policies. 
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e It will not make the final decision of keep vs. replace. 
e It will only measure and indicate; it will not interpret measurements 


and take action. 


A model is a diagnostic tool. It is not bound by the constraints that bind the 
administration. For this reason, a model's recommendations should be subjected 
to the manager's interpretation and judgment. For example, a model will often 
indicate to a manager that it would cost the city an additional sum of money to 
keep a vehicle rather than replace it. It would be upto the manager to decide 


whether this sum is large enough to justify an appropriation request for replacement. 


How Does the Model Work? 


The PTI Vehicle Replacement Package consists of five computer programs and 
associated documentation: (1) a curve-fitting program, (2) an economic-lifetime 
program, (3) an expense-trend tomparison program, (4) a repair-limits program, 


and (5) a depreciation curve estimation program. 


e The curve-fitting program (CURVEFIT) combines cost data on similar 
equipment to determine patterns in operating and maintenance expense. 


These patterms are updated periodically with the most current figures 
available. 


@ The economic lifetimes program (LIFETIME) combines expense patterns 
with effective cost due to loss in resale value (depreciation), to deter- 
mine the point in the equiprnent life cycle where rising operation costs 
overshadow the loss in value. This length of life is recommended as 
a replacement policy, since it gives a minimum average cost per period 
(MLACP), usually expressed as minimum average annual cost. A shorter 
life cycle costs more on the average due to replacement purchase costs, 
whereas a longer cycle costs more due to rising maintenance cost. 


e The trends comparison program (TRENDS) identifies upcoming replace- 
ments and those vehicles which are costing appreciably more or less 
than the average. 
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e The repair limits program (RE PAIRLM) produces tables of economic 
repair limits giving rules of thumb for repair vs. replace decisions. 
A very real dilemma arises when an older vehicle comes up for an 
unexpected repair. Does its limited remaining life justify the cost of 
the repair, or is the city better off getting rid of the unrepaired vehicle 
and buying a new one? If an upcoming repair will cost more than the 
corresponding limit value, a city is better off selling the vehicle in its 


unrepaired condition. 


@ The depreciation curve program (DPRCURVE) shows the patterns of 
declining resale values indicated by actual experience. These patterns, 
again by vehicle type, are used to establish the net cost due to lost 
value for each possible replacement cycle inthe LIFETIME Program. 


y 


What do these Reports Look Like? 


The following figures show sample outputs for a single class of vehicles. 
The data represents actual values for a medium-sized eastern city, for a group 


of seven vehicles in similar use, 
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ECONOMIC VEHICLE ASS IGNNSENT/REPLACEMENT MODEL 


Mr. E. G. Mattimcre (Management Engineeriny Branch dead, 
Pubic WOrks Center Industrial Management Livisien, 
NAVFACENGCOM DET San Diego, Calafornia) has developed an 
econemic Eased model intended to assist transportation 
Managers if Minimizing the costs of operating tneir vehicie 
fieets. This mcdel clearly illustrates the need to examine 
the cests incurred Ey individual vehicles in order to make 
cost effective assignment or replacement decisions. 

The following simplifying assumptions were incorperatei 
in the mcdel's develcrfment: 

e Operating costs (uel) of new vehicle egual the 
Cperating ccsts of old vehicle 

e Maintenance costs are much more dependent on a vehi- 
cle's mileage than ace 

e A simple straight line formula 1S required to deter- 
Hine target maintenance costs per nile 

Historical maintenance data were obtained from a joint 
Office of Management and Budget/General Services 
Administration (OMB/GSA) study of GSA sedans [Ref. 32}. 
These data were utilized tc derive a basic forgzula for 
target maintenance ccstS per mile (CPM). This forwuitay 
illustrated by Figure B.1, accounts for both the efiects of 
the mileage incurred for the year of service as well as the 
vehicle's total accumulated mileage. 

The forgula frovides a reasonable prediction of mainte- 
nance costs per mile when compared to the historical ccmgu- 
tations as shown by Figure B.2 This information can be usel 
to illustrate the effect tChatuwanmactivity "ss vehicloe2.- la 


ment policy can have cn expected thaintenance costs. 
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Figure B. 1 Maintenance CP for Sedans. 


— lm ~~ rr ci a cee a 
ime Service Ave Annual Ave Accua GSA Maint From 
| Year “@i/Vehicle Mi/Vehicle COS tc Formula | 
| 1 14,927 14,927 oO Tet a OOF Bo. ! 
2 14,720 29,647 ~0228 » 0223 | 

| 3 es ole 437012 ey 2 OS CU 
| 4 11,481 55,094 0449 ~O4S4 
3 Ola Dugcios - 0464 OS oe | 
| 6 So. 13, 108 ~0450 O6c7 | 
Average 2716S ese 703166 | 
ee _! 


Figure B.2 Historical vs. Derived Maintenance CPM. 


Consider a situation where a manager has a fleet of two 
vehicles, cne with an accumulated mileajge of 10,000 miles, 
and the cther with an accumulated mileage of 100,000 miles. 
The fanayer has reguirements to assign the vehicles to 
different users who historically have put respectively 2,000 
and 30,900 giles on their vehicles annualiy. If the manager 
were to rudget his maintenance costs for the year based ufon 
the averages shown it Figure B.3, the expected cost would be 
mez, O16. However, as Shown by Figure B.4, bv considering 
the vehicles and the individual combinations of their pcten- 


tial assignments the predicted total maintenance costs 


he 


VEHICLES ASSIGNHENTS 


| 

1. Accum Miles 10,000 le 2,009 miles 
Ze Accum miles 100; 0 00 Ore Bee 000 miles | 
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Figure B.3 Expected Maintenance Costs Using Averages. 


drastically change frem a Minimum of 3 902 to a maximum of & 
So 47 Ze The application of asSigning the lowest cost yer 
Mile vehicle to tte highest mileajye uSer to tdirimize 
expected Maintenance costs can be further taken to the 
larger fleet application and utilized in the decision-making 


process for vehicle rerlacemeuts. 
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Figure B.4 Vehicle Assignment Has An Effect. 
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Pore mcOnUucllize toe model ror replacenent decisionrs, 
the total ccst of the new vehicle must be compared with that 
cf the old vehicle. Consideration of the capital costs of 
€ach vehicle must new be utilized as part of the analysis. 
This mcdél assumes straight line depreciation on the casis 
of the current DOD six year age criteria for sedans. Figure 
B.5 illustrates that as vehicles with the hignest nainte- 
Nance ccst fer mile are replaced with new vehicies, the 
total expected maintenance costs for tne fleet continye to 
decline. However, the effects of the capitai costs on tae 
anticipated total cost for the year soon overcolie the main- 
tenance cost reducticns. dwemopol1nt at whieh the eetiaur 
number cf replacement vehicles 1S attained is where the 
total annual cost is the mininmun. It should be nected that 
Figure 3.5 was develcred utilizing the lowest cost per nile 
vehicles assigned tc the higxest mileage users, ay, d= = rave 
while the new vehicles were costed at the target cost ;er 
mile rates the old vehicles were costed at their current 
cost fer mile rates. 

Previous illustrations utilized data from sedans. 
Multiplier factors have been derived from historical data, 
as shcwn by Figure 2.6, to establish taryet maintenance 
costs per mile for use of this model with cther types of 


SpanSEOrtation equipaert. 
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Figure B.5 


Vehicle Replacement Application. 
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Figure B.6 Multipliers For Maintenance Cost Per Mile. 
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BEST is the name Of an cngoing NAVFACENGCOM spensored 
project to provide a computerized managenent system ior 
Public Works Derartments. The system is inatended to be 
comprised of four basic software packages, or modulés, which 
are presently in varicus stages of development and igplenen- 
taticn, andis designed to assist medium-sized and larger 
activities in the Housing, Maintenance and Utilities, 
Planning and Estimating, and Transportation areas. While 81 
activities are currently prcgrammed to receive at least scane 
cf the mcdules, cnly £0 locations are planned to receive the 
Transportation module. Criteria for receiving this tucdule 
are a Minitum population of 300 pieces of equipment ard an 
activity's willingness to fund ats insta laten. 

The prototype transportation module undergoing testing 
at the Naval Air Station, Miramar, California was examined 
as part of the research for this thesis to learn more about 
its fetential for future use with the proposed vehicle 
replacement model [Ref. 33]. 

The rodule includes the following four segments: 

e Administration: Contains the activity's eguirment 
inventcry and pertinent statistics, such as vehicle USN 
number, ECC, year, make, model, procurement contract number, 
delivery date, purchase cost, étc. 

e Oferations: Provides controls for dispatching of 
vehicles and vehicle assignments. 

e Maintenance: Provides controis for generating SFO's, 
assigning and tracking work, monitoring downtine, tracking 
direct lakcecr and material costs, and monitoring vehicle 


Maintenance and repair histcry. 
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e Fuel System: Interacts with tne Fuel Automated Data 
system (FADS) to be instalied at each activity to in;gut 
daily fuel transacticns and monitor fuel consumption. 

The reperts which can be generated by this module can Le 
stratified to individual USN numbers and have the arility to 
display maintenance and repair costs for the life-to-date of 
the vehicle, the previous fiscal year, the current fiscal 
year-to-date, the past six month period, the current maenth, 
and for each of the fast 13 months. MATLENOUgGh there as much 
flexibility in the system's ability to sort and adisplay the 
information, the ability to retain a vehicie's mainterance 
and repair costs for each year of age does not exist fast 
the previous fiscal yé€ar. As with the Public works Center 
Transportation Management System, retention of that data 
would ke accomplished through generation of year end reforts 
in hard cory form cr through the implementation of addi- 
tional steps to provide a means of electronic storage and 


metrieval. 
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